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STUDIES IN SOIL COLLOIDS, PABT I. 

BASE EXCHANGE AND SOIL ACIDITY. 

BY 

AMAE NATH PURI, M.Sc., Ph.D., A.I.C., 

Late Phjsieal Chemist, lm])ef ial Institute of Agricultural Research, Pusa, 

(Reoeived for publication on 29th August 1929.) 

It is weil known that coUoidal materials of different soils differ markedly in 
cheniical composition.^ However, a number of physico-chemical reactions show a 
remarkable similarit)^ We may suppose that a soil colloidal particle is made up 
of a number of molecules, each composed of a simiffe positive radicle and a complex 
negfitive one. The positive radicle is directed towards water in a soil siispension 
and largely determines the physico-chemical properties of the colloid. 

From the agricultural and jrractical point of view, we are concerned mostly with 
the positive radicle, and as a first approximation we can leave out of account the 
rest of the molecule, the nature of which is only revealed by such drastic treatmen ts 
as heating with, strong hydrochloric acid, etc. 

On coining in contact with water, the molecules of soil colloids will have a tendency 
to dissociate. However, the comparatively light electropositive radicle, being 
associated with a heavy insoluble negative group, will be unable to leave it. Thus 
we .shall have insoluble or colloidal particles floating about in water, each carrying a 
number of ions sticking out as it were from tlie surface. These surface active ions 
will be capable of entering into cheniical reactions, so that if they come under the 
sphere of influence of a higher concentration of a different electropositive ion they 
will have a tendency to be replaced by the latter. Also, if the colloidal particles 
are suspended in a solution containing ions that are different to those on the surface, 
then a sort of dynamic equilibrium will be set up characterized by the number of 
ions in solution taking the place of those on the surface, and vice versa. The state 
of equilibrium will depend on the nature of ions, their concentration and the 
temperature of reaction. 

In effect, to use the nomenclature of Michaelis, in soil colloids we are dealing with 
acidoids ” if the surface active ion is H, and “ saloids ” if it is any other electro- 
positive ion. This is tlie widely accepted view in one form or other. ^ 

^ P. .L. Rile. Natiiro of the Oolloidal Soil Material. Golloul Symposium Monograph, Vol. Ill 
p. 216 (1925). 

® Page, H. J. The JNfatixro of Roil Acidity. Trans. 2ud Oorammion Intern. Soo. Soil Sci. Groningen. 
Yo|. A, p. 232 (1926). 
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If this theory is suhstantiaUy correct, then we should expect the following 
reactions and phenomena to he characteristic of soil colloids 

(1) It should be possible to replace all the surface active ions by 11 and this 

amoimt should be a characteristic constant for a given soil colloid. 

(2) The “ aoidoid ” thus produced should show most of the reactions charac- 

teristic of true acids. 

We shall therefore see how far these expectations are realized from experimental 
facts. 

We may represent the action of an acid, say HCl, on the molecule of a soil colloid 
as follows : — 

AX + HCl ^1^:2 HX + ACl. 

Where A is any diffusible electropositive ion and X the heavy non-diflusible 
electro-negative radicle. Since it is a reversible reaction, the accumulation of A,Gl 
will favour the back reaction ; obviously, if one of the products of reaction, that 
is, ACi, be continuously removed, we should come to a stage wdien the wliolo of 
AX has been converted into HX “ Acidoid.” Conversely, we can again convert 
HX into AX by exhaustive treatment with ACI, continuously removing the HCl 
thus produced until the reaction has reached a well-defined end point, when no 
more HOI comes in solution. 

Experiments with a number of soils sbow’-ed that w^hen a soil is exhaustively 
treated with washed free from the excess of acjid, the amount of H 

retained hj it is a characteristic constant for that particulaf soil. Fiirtlier, a part of 
this H can be replaced by any other electropositive ion by the exhaustive treatment 
of its neutral salt. The total free acid tlius produced, if titrated to phenolphthalein, 
is found to be chemically equivalent to the other ion taking the place of the H ions. 
That ions replace one another in equivalent amounts has already been shown by 
Gedroiz.^ 

The results with a number of sods in which Ba and H mutually replaced each 
other are recorded in Table I. 

In every case 10 gram of air dry soil was used. This was treated with ^ HCl 
continuously in a special percolating cylinder ^ until the filtrate showed no reaction 
for Oa ions. It was then washed with g- BaCl g in 100 c.c. lots ; each lot titrated 
with fo baryta using phenolphthalein as indicator. When free from acid, it was 
washed with water until free from Ba. It was again washed with ^ HCl until all 
the Ba was displaced and determined in the filtrate. 


_ ^Gedroiz, K. K. The absorbing capacity of the soil and the zeolitic bases of the soil, Zhvr 
Opit. Agro7i., 17, p. 472 (1916), 

* A new percolating cylinder and some of its uses. Agri. Jour. India, Vol. XXIV, 

No* 6( 


AMAR N-ATH PITRI 


s 


Table I. 


Showing the equivalenc 


10 grams of & 



Considering tliat acidity determination involved at least half a dozen titrations 
in the presence of A1 salt, the agreement between the H and Ba is fairly close. 

It may be pointed out that in every case a part of the acid displaced reacted with 
the soil complex dissolving A1 and Fe. It is assumed that phenolplithalein gives an 
end reaction in which chlorides of A1 and Fe figure as acid. Titrations done in the 
presence of methyl orange as indicator always give low figures. 

That A1 and Fe appear as a result of side reaction and hardly any as a result o! 
direct exchange is shown by the fact that, however long a soil be washed with ^ 
TICl, there always appears a certain amount of A1 and Fe and longer washing does 
hot increase the amount of replaceable H hut rather decreases it slightly, due to the 
breaking up of the exchange complex. On the other hand, all other exchangeable 
bases can be completely removed by washing with ^ HCl. This dissolution of the 
exchange complex by acids takes place according to the well knowm adsorption law 
of Freundlich. So that if a soil that has been completely desaturated by treatment 
with ^ HCl is shaken with increasing concentrations of dilute HOi and then titrated 
after filtration with standard alkali using methyl orange as indicator, the decrease 
in acidity {i.e., the amount of acid reacted with the soil), when plotted against the 
equilibrium concentration, follows a curve which maybe approximately fitted into 



MiUi Ec^uivaCent# of lirou^ht Intt Sfllitf/an 


4 MSE EiCHANSB AND SOlii ACibHnr 


an exponential one (Fig 1), but tlie interesting point about it is that tiie maxiimini 
value for the Ai coming in solution is approximately equivalent to the “ acidoid 
(Hj) content of the sod. 



(Milli Eq« ivalowts of free dcid in }00 e c ) 

It is also noted that this value is reached when the concentration of IICI is jdfout 
N/10, iuJicatiog that if a completely unsaturated soil is shaken with .N/iO 11 Cl, 
then the amoiuit of M coming in solution would be equivalent to its “ aoidoid ” 
(Hj) content, (f.e., only the H replaceable by neutral salts). 

Thirteen soils and clay fractions ( >’001 mm. diameter) were examined by 
this method, and, as wili be clear from Table II, the agreement is fairly close. 

Table II. 

Shotting the equivaleme of Al dissolved by ^ HGl mid the (/fj) “ acidoid ’’ content of 

cmwpletely unsaturated soils. 


Soils 1 

Acidoid (Hj) 
MiUi equivateiits 
per 10 grams 

Al 

equivalents per 
10 grams 


1-04 

1-85 


0*90 - ! 

0*88 


0-86 

0-92 
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Table ll—mpM, 

Bhowmg the equivalence of Al dissolved hij ^ HCl and the {Hfi addoul ” content of 
cmnfletelif unsattmUed soils — contd. 


Soils 

Acidoid (Hj) 
Milli equivalents 
per 10 grams 

Al 'Milli 
equivalents per 
10 grams 

A. T. IS . . . 

0'6S 

0-40 

A.T.16 „ . , . 

1*70 

1-68 

A,T, 17 , 

I'oO 

1-20 

A.T.23 . 

4'40 

4-00 

A. T. 24 A . 

4-40 

4*80 

Olay fracUons, 




2'30 

2-20 


3-10 

2-20 


3-20 

8*30 

4. F. A. 

3-60 

3-62 


2-02 

8-52 


Nos. 2 aij.d 6 were clay fractions sejjarated from soils ricli in Inimus, 

It miglit be m(3ntionecl that it is necessary for all tliese studies that the soil used 
should be desaturated as completely as possilde. The easiest method of hnding 
whether a soil is actually in a state of complete imsatiiration is to shake about 10 
grams of the soil with 100 c. c. of p, HCl for a couple of liours and then filter. An 
alhpiot portion of the filtrate is titrated against standard alkali using phenolqduha- 
lein as mdioator. If the soil is completely unsaturated, there will be a very small 
decrease in titratable acidity. 

It is diflicult to see at present what the exact significance of this agreement 
between the values of Al dissolved and the (Hj) acidoid content can be, but the point 
is worthy of note in coimection with the toxicity of iU salts towards plants. It 
appears that two sods having the same degree of misatmation might bring different 
amounts of Al in solution. The fact might explain why certain soils with a low 
pH value can support plants while in others the same pH proves toxic. However, 
no definite conclusions can be drawn until the toxicity of Al salts has been studied 
with particular reference to the absorbing capacity of soils by pot experiments and 
field trials. 

It is intended to study this not only from the point of view of the question raised 
above, but to gain information with regard to the bigger problem of the nature of 
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toxicitj^ due to soil acidity, i.e., wliether tlie toxicity of H ions is direct or indirect 
tiiTOiigk tlieir ability to bring about tlie dissolution of Al. 

We have seen tliat if a soil in wliicb the exchange complex is in the form of 
“ aoidoid,” is contimiousiy treated with Ba 0 l 2 , the reaction proceeds to a well defined 
limit, but we cannot presume that this corresponds to the conversion of the whole 
of th -3 “ acidoid ” into its Ba “ saloid,” for we know that the Ba saloid thus produced 
is capaljle of yielding titratable acid when treated with a hydrolysed salt like Ba 
a.cetate. This point will be referred to later. However, for convenience, we ma.y 
reler to the hyclrogen ions that can be displaced from the soil acidoid by the action 
of neiitr.vl salts as Hj. This being understood, we can speak of the content of 
a soil, knowing also that the maximum H| content of a soil is a characteristic constant 
for that soil, 

liaviiig seen that every soil can develop a fixed anioimt of acidoid that can l)e 
easily determined by the exluiiistivc treatment with BaClg (Hj content), a number 
of soils were thus converted and several reactions characteristic of true acids were 
studied on these fully uiisatiirated soils. These w’ere as follows ; — 

(1) Inversion of sucrose. 

(2) Hydi’olysis of Ethyl acetate. 

(3) Eeaction wdtli a carbonate and determiiiiition of COg evolve*:!. 

(4) Reaction with a hydroxide and determination of the hydroxide neiitra,!- 

ized. 

(5) Reaction w:ith a sulphide and determination of HgS evolved. 

(6) Reaction with ammonia. 

(7) Reaction with amines. 

(8) pH determination of suspensions. 

(9) Rea,ction with neutral salts. 

(10) Heat of neutralization. 

These are dealt with below :-™ 

(1 ) Inveesion ok Sugeose. 

Inversion of sucrose by soil lias been studied lief ore hj Tacke and Suclitig,^- 
Hanley, “ and more critically bj’' Rice and Osiigi,^ who showed that a suspension of 
acid soil inverts several tunes as much sugar as an extract of the same soil. They 
also found the inversion greater when a soil was kept in suspension by continual 
sbaldng than when it was permitted to Settle out in the flask. Gonsequently they 
found no rpiantitative relation between the pH value of the suspension and sugar 
inversion, and concluded that the latter should give a better measure of soil acidity 
than the former. 

^ Tacke, B., and Siiehtig, H. Lmidto. Jaltrh. Bd., 41, pp. 717-754 (1911). 

" ilanloy, A. The humus of acid and alkaline peats. Jour. Agri. Sci., Vol. 5, pp. 03-70 (1914). 

® Hice, F. 10., and Osugi, S, The inversion of cane sugar by soils and allied substaiieea a2)d iJie 
nature of soil acidity. Soil Scl, Vol 5, p, 333 (191S) 
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Tlie experimental teclinique employed by all tbe previous workers left nnicli to 
be desired. Tests were carried out at temperatures as high as 83-85'^'G. witlioiit a- 
thermostatic control. Apart from that, any results obtained midcr those conditions 
may not be applicable to tbe behaviour of the soil at lower temperatures. 

The experiments on the sucrose inversion, in this case, were carried out in a 
thermostat kept at 40® C. (i'05). In every case 8 per cent, sucrose was used (S 
grams of sucrose to 100 c, c. of water). The time of contact was four hour's. The 
suspension was shaken after every ten minutes or so. At the end of four hours 
thii mixture was at once cooled to about 10°C. and filtered. The amount of inversion 
wa,s (h-termined by adding 25 c. c. of the filtrate to a known amount of Felrling 
solution and completing the reduction by a standard 0*1 per cent, invert sugar 
solution. T he concentration of the solution was thus known in terms of the standard 
invert sugar. For purposes of comparison, it gave satisfactory results as the ex- 
perimental coiiditrous were kept the same in every case, Duect titration was 
discarded on account of the very low inversion in some soils. 

Six soils from various parts of the world were employed for the strrdy of sugar 
inversion. The li'i coiitenb of each determined by exhaustive treatment witli BaClg 
is recorded in Table III. 

Table III. 


Til 2/* soils used for sugar inversion experiments. 


Soil 

MiIli-oq[nivalents of 
Hi per 100 grm. 
of soil 

1. Akola (India) .... . ...... 

4.') -30 

2. Bliarwar ( »» ) . 

47-04 

3. Michigan (IJ. S. A.) . . . . . . . 

17-10 

4. Hondzina (Tseiieolioslowkei) , 

10-39 

.*). Hoos fallow (Rothamsted) . . . . ... 

13-30 

0. Gokak (India) . . . ....... 

14-30 


The soils were dried over H2SO4 Irefore use. Increasing amounts of each of the 
first three soils were added to 100 c. c. of water and left overnight. Next morning 
the bottles were placed in the thermostat at 40°C. for about half an hour, 8 grams 1 
of pure sucrose was then added to each bottle and the mixture left for four hours with 
frequent shaking at the end of which it was immediately cooled and filtered under 
suction. A clear solution was always obtaiued. 

The results are given in Table IV and plotted in Fig. 2, the abscissa being the: 
amount of II j in milli-equivalents and the ordinate percentage of sugar inverted. : ; 
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Table TV. 


Sugaf inmrsmi by various soils. 


— 

Weight 
of soil 
grams 

Hjoontenl; 

Milli- 

eqiiivalonts 

Sugar 
iiivorted 
p(5r coot. 


1 

0*463 

0.33 


2-S 

1-132 

0-47 


5 

2-264 

0*63 


po 

4-63 

0-9S 


15 


1-49 

Akola 

|20 

9*06 

1*86 


25 

11-824 

2-6 


30 

13-688 

3*6 


35 

16-864 

3*73 

[ 

40 

18-12 

4*30 


1 

0-4706 

0*4 


2*5 

1-176 

0*46 


6 

f 2*362 

0*085 

Dhacwat .. ■ . ‘ 

10 

4*704 

1-10 


15 

7*050 

1*005 


20 

9*408 

2*14 


1 

0*171 ^ 

>246 


2-S 

0*4276 

0*306 


6 

0*865 

0*496 

Michigan . » . . . > 

10 

1*71 

0*676 


16 

2*606 

0*846 


^ 20 

3*42 

0*945 

Reudzina 

20 

3*278 

0*785 

Hoos fallow . a . . • 

20 

3*06 

0-586 

Gokak . . • • • . • 

20 

2*80 

0*00 


It will l)e scon that all the results with different soils, when consitlored in terms 
of the Hj content, fall approximately on one curve. This is a remarkable fact and 
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seems to sliow that acidoid ” in different soils possess very nearly tlie same “ dis- 
sociation ” or “ activity ” coefficient. In other words, if soluble, they would all be 
equally ‘‘ strong or equally “ weak ” acids. 

Through a strange coincidence, the inversion by acetic acid is almost of the same 
order as that by the “acidoid” in equivalent concentration. The results with 
acetic acid are also plotted on Fig. 2 and show a very good agreement up to a certaiii 
point, after which there is a systematic deviation. 


Acetic dcict 

Akold (Indidj 
D ii U r w tl r ” 

G 0 k &k '■ 

MicKi^an •(U-S.A.) 

Rend riria (Xscb e c ko sUwftk ei) 

Hoos fd How (Rotkamsteti ) 


4 6 8 10 !2 14 

Milii EQUivalents of 'Acidoicl Hj 


A moment’s reflection will show that this deviation is not quite unexpected. 
Increasing concentrations of acetic acid mean that increasing amounts of the acid 
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are being campressed in the same volume, so the ionisation must alter appreciably 
as the solution gets stronger, whereas in the case of soils increasing amounts were 
added to 100 c. c. of water and there was not so much overcrowding of the molecules 
as in the case of acetic a, old. 

8 per cent, sugar solution was chosen, because at higher concentrations there is 
likely to he some absorption of water or a weaker solution of sugar, leaving the rest 
more concentrated.^ 

Having estabhshed that sugar inversion is proportional to the amount of 
we could use this method for obtaining a sort of titration curve for the same. 100 
c. 0 . of Ba ( 011)2 solution of various concentrations were added to 20 gram portions 
of Akola soil and the mixture left for three days with occasional shaking. Sugar 
inversion was then studied by adding 8 grams of sucrose to each as usual. The 
results plotted in Fig. 3 show the characteristic shape of titration curve of a weak 
acid. The curve meets the abscissa somewhere about the point of neutralization of 
the Hi. 

Next anotlier method of neutralizing the “ aoidoid ” was chosen. The same 
soil (Akola.) was partly depleted of its surface active hydrogen by replacement with 
Ba. This was accomplished by treating 25 grm. lots of the soil witli varying quan- 
tities of f- BaCl 2 solution in percolating cjdinders. The acid displaced was 
titrated and the excess of BaClg removed by washing. 

Thus were obtained soils containing varymg amounts of ‘‘ aoidoid ”and its Ba 
saloid.” Inversion was studied with this series. These results are also plotted 
ill Fig. 3. 

The gradual introduction of Ba in the exchange complex being expressed in 
terms of the acid displaced which was titrated agauist the same baryta used for the 
other titration curve, the two sets of observations are, therefore, strictly compara- 
ble. It was expected that the tivo curves will be almost superimposed, but tliey 
seam to follow diherent courses, however, the neutralization point, characterized 
by the stoppage oi‘ sugar iiiversioii, falls approximately on the same point. 

That tlie neutralization of acidoid ” witli Ba (0H)2 may he slightly different 
from its “ saloid formation through neutral salt reaction was also shown by the 
fact that the filtration of the first series of soils was very difficult, while the second 
set was not so. Tins was quite a frequent observation. 

It is quite lilcely that the mechanism of the two reactions may be some- 
thing as follows ; — 


I 

II 


4-1 ' 


41 


.^-OH . /^ H— OH- 

4)H - 


X-Cn + Ba.:; 


.01 


Ba X -f 2 HOI. 


1 Puri, A. N. Tlio hypotl)osis of uiiifr(?t) wator in soils. AftrL Jour. India, Vol. XXTV, No. S 
*VVat-ei’ ostract of tlieso .soils showed hai-dly any inversion under the same .set of cmiditionfi. 
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According to this hypothesis, the first reaction would give a highly hydrated niul 
consequently gelatinous compound which .agrees with the fact that it is dinicidt to 
filter. Further, it is conceivable that such hydration might reduce the {'xtreme 
r.ange of movement of the rest of the surface active hydrogen ions by rtaiiKong tiic 
permeability of the well known “ Double Layer,” thus a greater reduction in iJie, 
amomit of sugar inverted might be expected in the first ease than in the second by 
the introduction of the same quantity of Ba in the Exchange complex. 

It is also possible that this difference may be due to the fact that a part of tha 
free HCl produced in the second reaction is probably not washed away completely 
and since it is a very active acid a small amoimt might cause the extra inversion 
observed. It might be mentioned that pH values of the suspensions in the second 
case were always lower than those in the first. 


(2) Hydrolysis of Ethyl acetate. 

Parlver and Bryan ^ compared the inverting and hydrolysing power of acid soils 
with sucrose and ethyl acetate, respectively, both with suspension as well as "water 
extract. They found that hydrolysis of ethyl acetate was greatest in water extract 
and least in soil suspension ; on the other hand, sugar inversion w.as greatest in soil 
suspension and least in water extract. They concluded, therefore, that acid silicates 
catalyze the inversion of cane sugar and not the hydrolysis of ethyl aoetjite which 
is brought about only by a higher concentration of H ions in the mass of the soil 
solution. 

The above authors considered the possibility of a partial neutralization of the 
acetic acid by acting on the minerals of the soil, but did not think it would account 
for the extremely small hydrolysis brought about by soil suspensions. 

Considering the large amount of exchangeable bases even in acid soils, the possi- 
bility is by no means remote that almost the whole of the acid would l)e used u]> 
by the soil when the hydrolysis takes place in the presence of suspension. Besides 
any small quantity of the acid produced in the first instance would be afc once removcid 
from solution and would not be available for hastening the reaction by auto-catalysis. 
As will bo seen pre.sently, the supposed difference disappears when completely iin- 
saturated soils are used, as all the acetic acid produced in this case remains in 
solution, there being no exchangeable bases in the soil to react with it. The follow- 
ing experiments were performed : — 

(a) In this case, hydrolysis of Ethyl acet.ate was studied with 5 soils and 5 
cl.ay fractions separated from 5 different soils. The soils and ci,'),y 
fxactions were all completely iinsaturated as in the case of sugar inver- 


i-Parkor, F. W., and iUyaii, 0. 0. Soil acidity a.q nieaBuccd by sugar iuvorsloii, tfu; "I’ruog test 
and tUo itydrogon ion cone, and its relation to the hrydroly-sis of Ethvl acetate. fSnil 8d., lij, h. <>9 
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sioii experiments. 5 c. c. of Etliyl acetate were dissolved in 100 c. o. 
of water, to tliis 20 grams of soil or 5 grams of clay fractions were 
added , The bottles were shaken during 48 hours (shaking stopped from 
10 p.M. to 6 A.M.). The suspension filtered after this, a clear filtrate 
was obtained in all cases, as the acetic acid liberated, flocculated the 
soil to a certain extent. 25 c. c. of the filtrate titrated with alkali 
to phenolphthalein. The results plotted in Fig. 4 show a curve 
similar to that of sugar inversion, and lileewise all the points fall on 
one curve. 



(b) Varying amounts of a 4 per cent, clay suspension were made up to 100 
c. G. with water and 6 c. c. of Ethyl acetate (total vol. 100 c. c.). Para- 
llel to this series, varying strengths of acetic acid containing 5 c. c. 
of Ethyl acetate were shaken ; so that for every concentration of clay 
suspension there was a corresponding concentration of acetic acid 
containing the same amount of acid in 100 c. c. as the acidoid (H'j) 
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ill the susjDension. The results plotted in Fig, 6 show a close similarity 
between the two sets of values. 

As in the case of sugar inversion, the curves show a greater divergence towards 
the latter part, because in the case of clay suspensions since the total volume was 
100 0 . c. the amount of water gradually decreases as the concentration of clay in- 
creases, so that we are actually dealing with a stronger solution, and 25 c. c. of the 
filtrate would naturally contain more of the product of hydrolysis than in the case 
of acetic acid solutions. 

As in the case of sugar inversion, the water extract of soils showed just about the 
same hydrolysis as pure water. For instance, 100 c. c. of the water extract from the 
clay suspension gave 0*12 c. c. of hydrolysed acid per 25 c.c, against 0-2 c.c. ob- 
tained with re-distilled water. 

(3) Reaction WITH a carbonate and determination of Co ^ evolved. 

The deGomposition of GaCOg by soils was studied by Tacked as early as 1897. 
The reaction was allowed to proceed for three hours and the COg evolved wa-s ex- 
pelled by a current of H and determined by absorption in standard Ba, (0.11)2 
tion. It was, liowever, recognized by tlie author that more COg was given off when 
the mixture was heated, but he supposed the amount evolved in the cold to lie the 
true measure of free humic acid in the soil. 

Knight modified Tacke’s method for determining lime recpiirement of soil®. 
He boiled the mixture of soil and precipitated OaCOg for ten minutes in the presence 
of a neutral salt (it made little difference what neutral salt was used as long as its 
quantity was not so large as to change materially the boiling point of the solu- 
tion). 

Growtlier measured the interaction between GaCOg and acid soils, in bottles 
completely filled with suspension, by measuring the total COg liberated as free 
acid and as bicarbonate.® The values thus obtained were found to be close to the 
amount of alkali required to bring the soil to pH 7. In all the cases noted above, no 
attemjit was made to measure the end point of the reaction, the conditions of experi- 
ments being arbitrarily fixed. In the present study, the reaction was allowed to 
take place for several hours till the evolution of COg practically came to an end. 

Ba Cai’bonate was chosen for this purpose. At first it was thought that;, siiu’.e 
Ba carbonate is insoluble in water, the reaction would only take place in the presence 
of BaClg Vvdiicli will cause the production of HCl that will react with BaCOg giving 
COg. However, it was soon found that the presence of BaClg was not necessary, 
the reaction proceeded normally in its absence. 


Tueke, B. Estimation of free humic acid in Peaty soils. O/iem. Zeit., 21, p. 174 (1897). 

® Knight, H. G. Acidity and acidimetry of soils, IV, Pmposed method foi- determination of lime 
rGfjiiirements of soils. Jour. Iml. Eng, Chem., Vol.l^,-g. SQ(J (1920). 

3 Crowthor, E. M- The Determination pf Lime Kequirements, Agrictilkinil Proqrens^^ Vfd. II, 
(1925). ■ ■ ' ' ■ 


(lOOc.c. oF CLtly Susperision Contdin 2*6 Milli E^ui 
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The rH,a.cfciori \va.s found to take place in two stjiges. Up t.o one it wniit tni 
in tile oold iuid to(dv about 24 hours for completion mu! (jveii tlieti perliaps if, could 
not be, ooiisifiercd as quite complete, Tlio second .stage proceeded more or le.ss 
rapidly wiien. the mixture wa.s heated. Here the cud point is more or ie.ss d<‘.linit<^. 
The e.x]5erinieiit was conducted in the usual way of determining COg by weigiiing as 
well as by titration aftei* a,bsorption in .standard Baryi;a. The eml of reaction ivius 
determined in one Ga.se by weighing the absorption tube and in the otluu’ by noting 
when no precipitate was formed in fresh Baryta in about two hour.s. CO^ free 
air was continuously pa,ssed through the apparatus during the eour.se of the 
reaction. 

It was found that the first .stage of the reaction (eoid"* cone.sponded roughly with 
the amount of H j in thi^ soil as determined l)y BsiCU displacement. Ifoiv-evur, on 
account of the abscncci of a definite end point, reaction in the cold wa.s not. .st.iidied 
with many soils. On boiling from (5-8 hours tlie reaid-ion came to an (md, and totfd 
amount of C0„ evolved was approximately equivalent to 2 H,. Thi.s was true for a 
number of soils though ])ei‘!iaps not for all soils as will be seen from Taiile V. This 
second equivalent of hydrogen that reacts witli carbonate, and is not diejiiaced by 
neutral salts we shall call H,.. 



Table V. 

The relation heMmen (t'lnl H^ for a number of com pMchf mimturatrd ^oih. 



Milli-e(]uival(jnls per 10 gnn. of soil 


(BiiCOa 

-f-Kadl,) 



(4) Reaction with a iirDKoxiDE and the DETEKMiN.iTioiSi of the 


The state, of aiitnratioH of the soil (V) is defined l)y lijasi?)k as the ratio of 
amount of iitusorptii^ejy bound bases in the soil (>S) to the a mount of Ijaaea that the 
Boil is capable of binding (T) both values being expressed in equivalents. 

Thus V-~-•T{r^S. The value T-S is the aeidic hydrogen, that is, the still ^ 
saturated hydrogen of the clay and humic acid ” find is determined liy occasionally 
shakuig during 3 days a known weiglit of tlie sod with increasing concentrations of 
baryta. At the mid of four days the cjef>r liquid is pipetted off and titrated 
plienoiphfclialein with acid, when the amount of base removed by tlie soil is plotted 
against tlie amount of base reiinuniiig in solution ; a curve similar to the one sliown 
in Fig. (5 is obtitined. The. straight part of the curve (tlie baryta ]>ranch) 
produced till it raefd'.s the vertical a,x:is. Tlie point of intersection is talcen to be 
the ])oint of neutralization or " saturation point.'^ The first, i.e., the curved port, ion 
of tin* curve is Siip])Os<id to be duo to hydrolysis by fuialogy to the neutralizfition of a 
soluble wcfik ficid witli a strong liase, (Sfiiiit in Tmus. Ini. Soc. 

VoL A, p. 135), 

.Such curves were obtained for a number of soils .and a tyjiicai one for 

soil is sliow'n in Fig. 6. ■ . - 


Soil 


A. 1’. El 
A.T. ]9 
A. T. 20 
A. T. 26 
A. T, 2S 
A. T. 29 


,F A J. 



base exchange and boil acidity 
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Five strains of tlie air-diy soils were in each case shaken with increasing cou- 
centratio;i,s of baryta. The curves can be extrapolated back in two directions, 
n<unoly, I'roni tlie straight portion or from the curved part the latter can only be 
taken as approximate. The values of the acid displaced by BaClg (Hj content 
referred to Ijefore) as well as the GOg evolved by heating with BaCOg are in- 
dies., t,ed on the curve (a , 11 t|uantities expressed as milii-equivalents per 5 grams of 
the soil). 

It will lie .seen that if the straight portion of the curve is extrapolated as accord- 
ing to Hissink or Saint we get a very high value which is three times the amount of 
acid tha,t c.‘in be dis})laced by neutral salt reaction (Hj). This extra amount of 
hydrogen over and a.bove LIj and Hg we shall call Ilg. If, on the other hand, the 
curved portion is extrapohi-ted, we get a figm-e which is almost equivalent to the 
a, mount of COg (ivolved by BaCOg treatment and likewise is twice the equivalent 
amount of Hj (Tal)le VIl). Tims we see that a completely unsaturateff soil contains 
3 grm. cfjiiivaloiits of hydrogen (Hi+Hg+Hg) : Hi can be displaced oy the action 
of a iieiitriil salt, Hg by boiling with Ba carbonate and H 3 by the action of Ba(OH)g 

(5) Rr’.AGTION WITH A SULPHIDE AND DETERMINATION OP HgS EVOLVED. 

Thi,s reaction lias not been studied strictly quantitatively. However, the field 
outfit of Tniog based on the same principle was used on a number of soils and the 
order of acidity denoted was always the same as that determined by BaClg replace- 
ment. 

Truoff 1 employs a mixture of BaClg and ZnS which is heated with the soil siis- 
peiisiou and the n mount of H.,fi liberated is indicated by the depth of colour produced 
on a lead aceta,ta test paper. Parker and Tidmore^ have suggested a modification 
of Tiaiog test, wliich consists in absorbing the HgS evolved in dilute ammonia. An 
excess of stambird iodine solution is then added, the solution acidified and the excess 
of iodine titrated with standard sodium thiosulphate of the same normality. They 
found tfiat increasing the quantity of soil used in making the test increases the amount 
of HgS evolved b ut not proportional to it. Increasing the quantity of reagent above 
1-1 o-ram does not increase and may decrease the amomit of HgS evolved. The 
reaction is allowed to ta,ke i>lace only for 3 minutes, and other defined conditions 
must bo adhered to rigidly. 

It seems the iieauty of the Truog test lies in its simplicity, and utility as a field 
metliod. The writer ma de several fruitless attempts to study the reaction quantita- 
tively : tlio main difficulty lies in the fact that a mixture of BaClg and ZnS slowly 
gives HgS when boiled even without any soil, which itself is a complicated reaction 
influenced by several factors. Ho wever, it was shown quite definitely that the rapid 
production of HgS only took place in the pre sence of soils having free Hi. 


1 Tnioo-, E~ A new tost fur soil rf- is. Agri. Expt. Sta-. Bull. No, 249 {1915) ; 

P()ihUor acTtiitv, ilafZ 312, (1920; revised 1924). k . 

2 Parker, F. W., and Tidniore, J. W. A moddieation of the Truog sod acidity te.sfc. 
VoL IfCp. 75(1923). 


and testing 
Boil Bci . , 


20 


BASE EXCHANGE AND SOIL ACIDITY 


(6) Reaction WITH AMMONIA. 

If exeesH of ammonia is afkled to soil ainl tie mixture boiled for hoiirB or 
left in tlie oven to dry (at lOO-IOo^C), then the anunint of ammonia, tisat is still lo- 
tained by tlie soil is nearly equivalent to flj (Tsiblc! VI). TlusalTords an ('!).sy nje.niiod 
of finding Hi in a fully uusatiirated soil. The method, liowove.r, <‘,ould not used 
for finding tlie degree of iinsaturation of psirtly imsaturate.d soils as tin*, nature of 
the exohaiigeahle ion already present modified the retention of aininonia nnder 'tlie 
above set of conditions. What happens is that a part of the base is rejilaced by 
ammonia and the latter is retained to a larger extent than tiie amount equivalent 
to the degree of uiisa,tiirii.tion of the soil (with respect to Hi). TIris ])oint will be 
diseussed more fully in lhart IV of these studies.^- 

The metlnKls of estimating llj are not very exact a,ud the agTiaunenf, in the f;wo 
seta of values .shown in Table VI is really better ili.-ui what it aj'iqi/ai's, considering 
the nature of a sidistaiieo lihe soil. On the ‘whole, boiling for t\vi» iioiirs give.s values 
that show a better agreement with Hj tha-n ovani drying. 

Table VI. 

The relation betwmi. II ^ eonteni, a)nl animoma ahmTftmi at 100°O. 


I\I(i.Li-‘BeinvA,waTs i>tsK 10 g»m. ov .son. 




Oven dryiiu;; 

rttilinc 2 huiU'S 

A. T. J . 








l,-4. 

1M)9 

M)7 ' 

A.T. 2 . 








0-S 

0-73 

o-oo 

A.T. 3 . 








1-0 

0-92 

0-87 

A.T. 4 . 








1-7 

1-12 

MW 

A.T. ,f» . , 








:i-5, , 

1-20 

1'48 . 

A.T. 6 , 








0-0 

■ .0-49 ^ 

«M!f5 

A.T. 7 , 








M 

O'S 

1-33 

A.T. ll , 








i-a 

1*0 

■ MI7 ■ 

.AT. 13 . 








1-8 

ISU 

: 1-76 ■ 

A. T. 19 . 








i-2.’ 


F2I 

1. T. 20 . 








0-5 

0-2<> 

0-39 

A. T. 20 . 








0-(.i2 

0-4fi 

, 0-7() ‘ 

A, T.2S^ . 








Ml j 

l*7S 

1-27 

A. T. 29 . 








M 

, , 0-77 


Ciav fractions 

(•001 mm.) from various soile,— 





F. 1 . 








' 2-ii ■ ' : ■ 

■' ■ 2-3 


F. 2 . 








3-1 



P. 3 . 





, 



■■■' 3-2' ■ 



F 4 . 








4-1 

. , ' 3-0 '■ ■ 


F. 5 . 








■ 0-5 

0-7 , 


F. (1 








: ■ 2-f»: ■ 

2-9 



^ Puri, A. N. BtiidiuH ill .Soil Colloids, Part IV, Afothodsof estitiurtingfloiledlloidti. HhiU. Iki-pl, 
Agn. liidia, Ohem. &r.i Voh Xlf Ho,'!, 
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(7) Eeaction with Amines, 

Di-etlivl amine was employed for tMs purpose. As in the case of ammonia 
:i bsor])tioiii filioiit 4.0 c.c. of ^ solution of the amine were left with 5 grams of soil 
in tile oven ( 105-1 10°C) overnight, nest day amine was determined by steam dis- 
fiilJation in tlie presence of excess of lime. The results were similar to that of 
ammonia. That is, the amine reacted with Hj only under the above set of condi- 
tions.' 

All the reactions detailed, above were examined with half a dozen soils and the 
results given in Table VIT show their interrelationship. The agreement is as good 
.‘i-s could be expected from a mixture of %^arious almnino-silicates constituting soils. 
There are exceptions for whicli no explanation can be found. Bed soils as a rule 
gave a very low value for H.., as compared, to H 2 . The subject needs further study 
with various types of soils. However, there can be no question as to the three stages 
of reaction designated as Hj, H 2 and Hg : though their chemical equivalence may be 
doubted. Nor is it expected that all soils will show’^ such a simpde relationship ; 
hut the fact that a u/umber of soils could he ’picked up at mndotn which undoubtedly do 
show such fegularities is highhj significant. 

Table VII. 


Relation hel/ween 11^, H.^ and //g in narious soils completely unsaturated. 


j 

RoiiS' 

1 

G'lav 

{•002 ihin.) 
percent. 

.Hygros- 
copieity 
(30 per eont. 
humidity) 

Heat oi 
fl’cttiiig 
(calories 
per grm. of 
soil) 

(i) Bangalore (Red soil) 




18-4 

0-08 

MS 

(2) Godavari 




.‘17-2 

4-04 

3-70 

{'S) Shillong (Red soil) 




36*2 

3-42 

3-73 

(4) Koiipatti . . . 




49-8 

10-06 

9-00 

(5) Akola . 




60*6 

11-31 

9-'®) ^ 

(6) Bharwar . . . 




00-5 

10-87 

8-75 

1 


Reactions chamcieristic of Hj {Milli-equimlents per 10 grams of soil). 


Soil No. 

Bisplaee- 
nient with 
BaCR 

Titration 
toB. T. 
blue 

Ammonia 

boiling 

Ammonia 

oven 

drying 

Ethyl 

aniiiie 

Mean H, 

1 . . . 

0-28 

0-6.5 

0-4 


0-32 

0-41 


1-17 

1-70 

1-60 

1-58 

1-58 

1-53 

3 .! . ' / ■ 

..•;.i-33. 

l-.W 

1-98 

i-67 

1-38 

1-57 

".4,; 

4-12 

4-22 

3-50 

4-40 

4-52 

4-15 


4- 1 8 

S-10 

4-46 

4*62 

4-46 ■ . I 

4-36 

0 . . 

3-39 

3-60 

2-98 

3-92 

3-54 

3-49 
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Beaclwns dmmclemtie of and 11^ {MilU-eqiiivakmts per 10 grams, of soil). 


■ Soil No. 


(H,-ML 

GOa evolution 
with BaCOa 

Ba(OH).2 
: Extiupola- 

Mean 

Ba (OH), 
found 

(']' ,H issink) 

ciileuiiili.'i:l 

(fioni 

, , , 

■j "■ ■■ . ■■ 


MO 

1*40 

1-25 

■1-96 , 

1-87' " 



3-07 

3*70 

3-68 

5*90 

5-52 

3 


5-BO 

o-SO 

5-50 

. 7«S0 

S-25 ■ 

4 ... 


7-58 

7'00 

7-20 

9-1)0 

10-93 



S-26 

8-00 

8-13 

12-00 

;i2-]9 

n , • 

‘ 

0-82 

7-00 

C'Ol 

9-0(> 

!0-3r) 


(8) .HYDltOGEN ION CONCENTRATION OF THE SUS.f ‘JON SION. 

'riic ])}■!,! rogeii ion conoontration of a number of soils (Table Vi 1,1) was deba'iniiied 
with special, j'efemice, to the degree of imsaturation in each case. 'The reKults gjvi'n 
if! Tiibif! I'X leave no doubt that the pH value o.f a soil suspe,nsion gives us iio indie, ;i- 
v.ioii of its degree of uiisaturatioii or the amount of su.i‘fa(;e u.ctivf,^ hydrogen ions, 
]dT va,Ui(‘ of soil suspension represents a state of dynamic eqnilibriuin wldeh e.ould 
on.ly ))!'; diiliiuid witli reference to a particular set of c-onditio.nH juid it harvu'S ont, of 
uceuuiit tile most fundamental p,roperty, i.e., the state of saturation id' tln> soil or 
th.ft amount' of surface active hydrogen ions, 

Tlia 1:1 electrode mea:sures the hydrogen ion concentration of the solution mdy 
and is vei-y little affected by tlui surface active hydrogen ions on the sent pa.rtic!es. 
It is also po.ssible tbat .H ooiKieutratioi.), of soil in K,C1 solvitio]i niigirt giv(^ us a. l)rt,t{‘r 
idea of the, sta, to, of saturation, as the value thus obtained will ht* dirccf.lv rtihilsid 
to -l/lie {legrci.^ of sa,tiiration of the soil. 

Table Vm. 

Soil.s vised for pH tlotorininatioii. 

'Series ,1.' 

Coiiijtlsiely desatiirated soils by oxbaiistive treatiuent with 11 Gi aiui siibswiiieiit wasiiijjo yriti, 
water. , ■ ■ \ 

(1) Alada .H soil. 

(2) Soil A. T. 18 Michigan loam. 

(iJ) IworLckina H soil. 

(4) irlooa Fallow (Rothamsted) JJ soil. 

(a) Montgomery H soil, : 

{ (1) Hiunus H soil. 

(7' Gukak H soil. 

^Scriesllv; ■■■ y”' ■ 

Sciio.''' (iunttiining increasing amounts of Ba in the exchange complex obtained by treatim'' Alcoia 
U soil witli increa.yiiig aiaounts of BaGla and wasliing (the same as used for sugai- iuvcr.siun). 


Table IX. 


Showing the pH value of various soils {Acid soils shal'en for 2 hours, Ba soils for 6 
hours) E. M. F. found: out in cumjdeie ahscnce of KCl in the soil solution vessel. 
Ratio of soil and wtdcr is 1 : 5, 


Soil 

fij eontomt 

M illi-ecj M i valent 
per 10 grm. of soil 

pK 

T}, Soli a • « ■ • m * * • 

45-a 

4-0 

Michigan loam . , . . . . . 

I.7-I0 

4-31 

Itond’/ina H soil . . . . . . , . 

■jaciii 

: 4-12. , . 

H{,k).s fallow H soil , . . , . . . . 

uejo 

■ ■ 4-S5 

Mbntgornery H soil . . . . 

9-40 

5-a4'.' 

Humus ,H soil . . . . . . . . . 

13-0 

4-SO 

Colcalc XI sruL . . . . . . . . 

14-30 

4-S8 

Alcala Ba Soil .mica. 



fiiO.l . a . . • . . » . . 

2S-4 

4-.5I 

„ 2 . . . . . . . . ’ . . . 

lo-S 

4-o2 

• • • • • • * 

11-S 

4-05 

PS ' 4 . ■ * a • • • • • • • 1 

8-1 

4W,7 


OS 

4-()4.i 

„ (:i • a . . . . * . a . 

. 0-2 

4-70 

• ^ ‘ ^ ‘ 

0 

IHI2 


III tills connection miglit be mentioned the results of Truog ^ and Pun-re^, both of 
wlioni foiiiu'J that, after washing away tlioroiiglily the soluble salts and aciils, the 
effect of soil water ratio on the hydrogen ion concentration of the suspension is nil. 

Joffc and Mcleair* also concluded from their studies that the measurement of the 
H ion coiuientration in a water extract of soil add very little to our knowledge of the 
state of saturation or unsaturation ; they give only an idea of the free acid present. 
We may thus suppose with Michaelis'^ that " Colloid acids, as common acids sus- 
pended in pure water, increase the quantity of H’ ions, but tliey do not increase the 
concentration of H ions at any place within the interior of the soil. They only 
bring about an acoiunulation of H ions round the Micellae.’’ We may also recall 
several attempts at finding a relation between tlie hydrogen ion concentration in 
soils and their lime requirements. This point has been dealt with exhaustively 
by Johnson " who arrived at the conclusion that in soils as a whole the apparent 
quantity of acid or the lime requirement has no relationship to the intensity or 


Truog, ]3. The Colloid Chemistry of Soils. Colloid Sympomim MoiiutjraH, t’oh 11. 

“Pierre, W. H. The hydrogon ion couceutratkm of soils as affeclod hy 0(C ami tdie soil water 
ratio and the nature of soil acudity as revealed hy these studios. Soil Sci., Vhd. S0~, p. 280 , (lll^o). 

“ Joffe, .1. S., and Meleaii, li. C. Colloidai Behaviour of Soils and Soil Fertility, .1.1 . Tin; Soil 
Complex capable of .Base oxeliaiige and Soil Aeklity. Soil Sci., Vol. 21, }). ISl ( 

’^Michaelis, L. Clenoral i’riiie.iples of the effect of ions in Colloids. Collukl Syuimmin Mono- 
(jraph, Vol. II, (192a). 

* Johnson, H. W. The relation of hydrogen ion concentration in soils to their lime reipiirenmnl. 
Soil Sci., Vol 7, (1922). 
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iBresent, or tlie pH value. This substantiates the inferred (ionelu- 
siou of Joite 1 that sands and clays vary' in relation bet.ween these two fact.ors. 
However for soiJs of similar origin the two factors {)roba,!)ly bear a close relation- 
ship to each other. ThLs explains the conclusions of Blair and rrm<‘.e“ \v]n> found 
tluit there was a definite relation between the lime requirement and iiydrogen ion 
couceniiration of soils from the series of plots at the New Jersey Station. 

(9) Reaction with neutral salts. 

This is the most widely known reaction of acid soils tyid probably tlie earliest 
to attract the attention of soil scientists. Several methods of finding lime ri'qnire- 
inmits of acid soils are based on neutral salt decomposition with tlie production of 
free soluble acids which can be determined easily. Among these may be mmitiomal 
llopidn’s®, .Daikuhara’s^ and Gedroiz’s method ® who use KNOg, KOI, and Ba.C'lg 
solution respectively to liberate free acids. 

As numtioned before, the reaction between a neutral salt find an ucidoid re- 
presents a state of equilibrium depending upon the concentration of tlu; reacting 
iiodies. However, if the concentration of one of the reacting boditjs f)e incrtuised 
cotisiderabiy, tlie reaction could be pushed in one direction and we might be able to 
get approximately to the end point. 

In order to B<ie what percentage of the total Hj content of a soil <?ould be rephieed 
by a single treatment of a neutral salt ; 5 grm. portions of a soil were shaken for 2 
hours with lUO p.c. solutions of varying concentrations (from to i N) of the 
following salts 

LiOl, NH.jCi, KOI, MgCU, SrClg, OaCio, BaCL, NaNOg, KNOg, 

Mg(N03)a, Ca(N 03 ) 2 , Ba(N 03 ) 2 , (NH^lgSOj 

After two hours the suspension was filtered and 50 c. c. of the filtrate titra,ted 
against standard alkali to phenolplithalein (in the case of Mg and, ammonium salts 
the titrations done iu the presence of Brom Thymol Blue). The results shown in 
!fig. 7 indicate that although there are individual variations in different salts at 
lower concentrations, those differences tend to become small in higher coiioentra« 
tions and almost disappear in the neighbourhood of about 2 N. Nitrates on the 
whole show a slightly lower value than the chlorides or sulphates. The maximum 
value represents about 90-95 per cent, of the total Hj content determined by exhaus- 
tive treatment with BaClg solution. 


r jolfo, J. B, Hydi'ogbr;. ion coneontratioQ ineasaroments of soils in connection with their iinie 
reqmromeata 'VoiZ Nc/., Vol, y, p. 261, (1920). 

® Blair, A. W., and Prince, A. L. Soil Sci., Vol. 9, p. 2i>3, (1920). 

“ Hopkins, Boil li'ertilitv and Permanent Agriculture. U. S. Ihmt. Aqri. Bur. of (Swm. Hull. 
73,(190;}). 

* Daikuhara, G. Uebor B.aur mineral Boden. Bull. 7tfp. hup. OenB. Aqri. lixp. Sta., 2, p. 1, 
(1911). 

“ Godroiz, Iv. Iv. Gpi*. ri^rroH., 22, p. 3, (1924). 
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(10) Heat OF NEirTEALIZATION. 

It is well known that for most acids tlie .lieat of neuti’aJiicafcion vvitJ] latscs 
in eqiiivalent c{>ncentra.tions is approximately tlie SiUiie, since in all <'iiscs it re-- 
pr.irients a union betAveeii H and OH ions. 

In Older to study the tliermal effect on formation of tlie salts of acidoid, parti- 
cvilaily with reference to Hg and three clay suspensions were ur.ed. 1’iie 
clays ( mm. diarn.) were separattsl after acid treatinent fi'oru tlii't-e differimi; 
•soils. ■ 

These were, : — 

1. Dliarwar black cotton soil— • 

II, content— 6*6 mini-equivalents per 10 grin, of dry e];i}^ 

2. Hoiitli African red soil — 

H, content— 2*38 inillbeqiiivaleiits per 10 grm. of dry clay, 

3. Pusa soil — • 

H, emitent=l*34 milli-equivalents JUT 10 grin, of (Iry clay. 

The heats of nentralization of one gram atom of Hj, 1-1,^ iuul lb, in (-ach case, is 
given in Table X. The results for the heats of nmii.raJization of one gi'ain nioleeaiie 
of acetic ackl determined under the same set of conditions a, re included for e.rnn- 
parison. 

Table X. 


f/mf of nfotimlizaMmi of addmd and acetic acid with I'arimi'i fanes. 
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.A gliiiu'o iit Ta]il(5 X will revoal some interesting facts ; for instance it appears 
tlifit tilie lu'ut of neutralization of Hj in tlic 3 clays is approximately tlie same, for the 
4 liases studied and also this is of tlie same order as the heat of neutralization of the 
first gram a.tom of hydrogen for silicic acid (=4316 C). 

Tlie neutralization of Hg is accompanied by a smaller heat evolution wliicli 
depemds on the nature of the base a.iid perhaps the nature of the soil. Aminouia 
especially gives a very small heat of neutralization of Hg. The neutralization of 
H.j with an. o<juivaI(!]it amount of alkali takes place with a miad! smaller heat produc- 
tion tJran H| and Hg which, is also dependent on tlie nature of alkali and jterhaps tlie 
nature of the soil. 

The ealoulations arv ba,scd on tlie. exact detenui nation of Hj and at h'asi. in the 
case of cla)' .No, 3 this is so small that a co.nsidcrai)le error might ho introduced in 
the linal computation of the i-t^sults. In S].ute of tlic errors involved in siicli measiire- 
m(‘.nts, ther(‘ is a conspicuous uniformity in tlie results which brings the acidoid into 
line with otlu'r soluble acids. 

It miglit lie moniuoju'd that after the addition of 3 gram molecules of alkali to 
neutralise li^, .fig, Hg. a,n ajipreciahle thougli extremely small rise of temperature 
takfis place on the aiidition of further amounts of alkali. This is not altogether 
uuexpecte<l considf'ring tliat the salts of Hg are so easily hydroliscd and that the 
neutralisation of Ho takes ]>]aoe only in the jiresence of large excess of alkali. 

Theory of soil actdity and its practical importance. 

A number of reactions have been studied and discussed, it now remains to be 
seen if we can build up a comprehensive theory to explain all the phenomena noted 
above. 

The ouManding factH are :--~ 

(1) The soil oa.n be completely desaturated by exhaustive treatment with 

HCl which, has only slight dissolving action on the exchange complex. 
Such a soil contains a definite cpiantity of surface active hydrogen 
ions giving it the oharacter of an acidoid.” 

(2) The “ ac.idoid ” thus produced shows reactions characteristic of true 

acids. These reactions, however, take place in three distinct stages in 
wliich. one, two or three equivalents of H can take part, ke., Hj, Hg 
and Hg. iH is replaced by exhaustive treatment with a neutral 
salt, when this is replaced the suspension is neutral (pH7). Hj is 
the only piart that can invert sucrose, hydrolyse Ethyl acetate, 
decompose ZnS, show “ exchange acidity,” or retain ammonia or 
amines at 1()0~105'^C. 

The statement that the final pH of the suspension is=7 when it is treated exhaus- 
tively witli a ueiitrai salt needs some amplification as apparently it is .not corro- 
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],y t.lfc ox]>erimt‘titiil results of oilier workers, like Kelley eiid 'Br«n\n ^ 
an<l Pa.rkei“.“ The explanatiou of this apparent iliscrcpa,ue.y is simple a.ml is e.om- 
ja-ised in tli,e faUowLn.sr general statement ; that the mil temh to inipaii- its oito pi! 
i<? the solution, with which it comes in contact and mcc versa. Therefore if a soil is 
lc;aehe<l with a solution, then th(3 former must ultimately acquire the sa.nui pll as 
tlui latter. If it is waslied with a neutral salt having a pH value less than 7, then 
obviously the soil can never acquire a pH of 7, it can only do so if tlie neutral salt 
is first brought to pH 7, before, leaching the soil with. it. The prooedin^e followed 
bv' the writer in this connection was to add about 200 c. c. of JSl. BafJL to 10 grains 
of soil, tlie filtrate after shaking the mixture for a, few minutes wa.s umitralized witli 
BalXHIfo using Brom TIiathoI B1u(‘. as indicator, and ])Oured hack on to the soil, the 
filtrate aga.LU neutralized as before and idle process repeated till no inon' a.cid v\'as 
liheraterl from the soil Later on this procedure was siraplilied by ad(li]\g oxcessi 
of BaLl^ to the soil suspension along with about 10 drops of Brom frhymoi Blue 
(1 per emit. sol). The acid liberated titrated in the presence of the soil which softies 
down ([uiekly leaving a clear siipernatent liquid in which the colour change of the. 
indie-iitor can }>e .followed. 

When Hj^ has been replaced in a soil, another equivalent of hydrogen (H„) can 
take part in reaction with carbonates ' with the evolution of (lOg. After rea,ction 
with carbonates, if; still eontains another e.qui valent of hydrogen H^that can neiitra,-* 
lize alkfdies. This last compound, however, is easily hydrolysfid, so the end point 
can only he dete.rmiued by having a largo excess of alkali a.ud extrapolating to 
zero conceij.tratio.n of alkali in solution (Hissiuk). 

Tlie above e>:])erimenta.I facts can bo heist interpreted b};^ supposiiig tliai the 
insoluble colloidal acid acidoid ”) in a fully unsaturated soil is a i,riba.sic acid 
which undergoes the following reacti<.)ns : — 

1. Dl-hydrofjen acid salt formation. (Neutralization of H|)-— 

(ft) Takes place by t.!.‘eat.ing exhaustively with a neutral salt (pH7). 

(h) Treating with a.m.monia solution iind driving away the excess by lieating 
at 100- lOo^C overnight. 

(c) Neutralisation with alkali to pH7. 

2, Monohijdrogen acid salt [(mnaHon (neutralization of Hj and Hg) — 

{a) Tallies place by heating the suspension, with Ca or Ba carbonate in a ciirront 
of air, 

th Normal salt formation. ' (Neutralization of Hi, Hg, and Hg). 

Takes place in the presence of large excess of alkali and the neutralization point 
can be dettwmiiied by treating with increasing concentrations of 'Ba((3H2) solution, 
and exti'apoiafciiig the straight portion of the curve (Hissiiilv:). 

^ KelkiV, W. aiui Drown, S. M', Ion exoluingn in rolaiioji io .soil a«idil.v. >SVn7 Hri., SI, p. 2K9, 
' (1921V). V 

“ Parkor, F. W. .MidJiods for tbo dotorjuina.tioji of Lho ninount and aeidiiy of oxcliaai^oatio iiV'd." 
rogon in .soils. Fruc. FirU hit. Oonrj. Soil ScL, Wa-'iMngton, Vol. II, p. KM- (1928'). 


AMAB NATH FUBl 


ZS?. 

If fclii;-! is correct, then wc slioiiid expect hreak.s in the titration ciirvcB 

correspond in to tho \'arions stages of reaction. 

(Some evident' on iliLs point has already been brought forth, by IJra'drield (/. J. 
C. ,N., VoL XrV', 1923, p. 2(>09) wliosays : “ The curves (titration) olitained hy the 
hytliatgen'-clectrodes are also of the ty]>e iisuaOy obtained with very weak a.eids. 
There are no slnirp breaks, but the slojie changes gradually, showing i;he least Ini (Ter 
action b(‘fcween p.H 9*5 and 7. At the latter point there is a slight llattening of the 
curve witli all clays, studied. It seems to be as pronounced as that obser^nvl in liio 
titration of ce.rtain weak c-rystalloidal acids such as phthalic acud and would seem 
to be evidence that at least a dibasic acid is involved.” 

One such curve obtained in the case of a clay siispeiisioii by the. writer is s!mw,u 
ill Fig. 8, ])ut a number of siieh curves will have to be deteianiiicd for different soils 
hoiore it could lie c'stablislied wliether the change of slopi^ occurs iit tin- seme pi I 
value for all soil suspensions. In this case it occurs at pli ()*5 aiul i lie poini. corre- 
sponds with tlie neutralization of li,. the other change occurs at pH 19-1 ! and corre- 
sponds to the neutralization of both H| and Hj. Bradfieidls curves are. siiuiiar to 
the one shown. 
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In tlio of the sAovti tliooiy, we can. find a more rif^id rlefinilion for ut‘i«[ and 
ailvuii .soils. 

Aci(i soils are. t' 1 i(KS(i in whieli a part, or tlie wJiole of llj is Irce (the la/ttor, l)eing an 
cxtreino ca.so, is seldom found in nature). 

Alkali soiLs iire tliose in wkicli the whole of H'l and a part or the wiioh; of ,Il2 
has laeen ro planed, or nentralizcd. 

Different forms of soil tu'.idity designated as exchange ” “ active ” ami hydro- 
lytie. ”, etc., lose a good deal of tbeir former .significance when viewed in the liglvb of 
the above hypo'tiie.sis : for instance, Jictive or exchange acidity ref(!rs to Hj only and 
hydrolytic a,ciflity take.s into a(Xa>utit a jjart of Hg also. 

Attention niay .‘igain he clir<;ct(!d to a single value factor of great iniportance, a, 
chura.et('-ri.stic (ionsttmt of great value for ail .studie.s of .soil <;olloida.l matter, Lc., the 
maxiinmn a.imnmt of surface active hydrogeJi that a .soil can devidop ; («'xpressed 
a...s milli-equivalcnts per luO gram.s of .soil). 

This factor lia.s a,lrea.d}' been referred to by Hi.s.siiik as Baturation ('.apa(*ii.y ” 
or " A.Ij.sorl)ing capacity ” and hy Oedroiz as the “ Volume of adsorption,” though 
Hissink’.s saturation capacity may be equivalent to three times Gedroi//s volume 
of adsorption. It lias also l}can suggested that this factor should be employed for 
the genetic clas.sificntion of soils. A view which will meet with general a))])roval. 

A. critical review of the methods of determining ” Saturation capacity ” of soils 
w'ill be made in part V of this series. As has lieou hinted above, a good deal of con- 
fusitm exists in soil literature as to the proci.se meaning to be attached to this factor, 
and it is probaldo that the methods of determining it will nuad with the same fate as 
the jnotliods of finding lime requirements of acid soils : all purporting to measure 
the same thing yet giving widely different re.snlt.s. 

Incidentally th<‘ ammonia ali.sorption exjierinients discns.sed above point strongly 
to the fallac)' of experiments designed to raea.siire the colloidal content of soils by 
ammonia absorjition, or by the adsorption of basic dyes. Borne correhitioii tluire 
must bo in .similar .soils where the, state of satiira,tion of the soil colloids is the same, 
but the method caiiiiut 'measure, the colloida,! content of a soil. 

If the oxcliauge complex is au alumino silicate and if it is found, to be triba.sic, 
wo may perhaps, with some icason, expires, s the reaction between aluminum hydr- 
oxide and meta silicic ac.ul a,s follows : — 

AU ( 0 H )6 -h 2H2 SiOs 
— [Al {011)2] 0 Sis 0 ,, -f 3 lU 0 
or 

,0H 

Al-' -BiO^ ==A 1 
BiO, sH, 

“ Aoidoid.” 

An attempt ivill be marie to prepare this compound and .study its propertie.s. The 
above constitution might explain why Al is invariably associated with soil acidity 


ai)d also wliy A I always keeps coming in solution when the soil is washed witli dilute 
acids. The, maximum value on the curve No. 1 might also be partly conceivable. 
But it is too early to make any guesses. 

Revieiw of the methods op finding lime eequibements op acid soils, in the 

LIGHT OP THE TEIBASIO ACIDOID THEOEY, AND AN ACCOUNT OP FIELD EXPERI- 
MENTS ON LIMING. 

It is not intended to make a critical examination of the existing methods of 
finding lime requirements ; a few remarks, however, will not he out of pkice. 

Lime requirement methods may be grouped under the following general heads : — 

( 1 ) Reaction loith neutral salts meh. as KNO 3 (Hopkin) ; KCi (Diaknliara 

also Kappen) ; BaCig (Gedroiz). The last named has suggested 

exhaustive treatment, others single treatment. 

(2) Reaction with hydrolysed salt such as sodium or potassium acetate (Loew) 

calcium acetate (Jones and also Kappen). 

(3) Reaction with alkali such as 0 a(OH )2 (Veitch) ; Ca(HC 03)2 (Hutchinson 

and Maclennen), Ba(OH )2 (Hissink, also Lyon and Bizzel, also Triiog). 

Neutralization to pH7. 

(4) Reaction with ZnS, and measurement of HgS evolved. First suggested 

by Truog and later modified by Parker and Tidmore. 

( 6 ) Reaction with a carbonate and determination of GOg evolved ; in the 

cold (Tacke) f or on heating (Knight). 

It will be clear from the results of the experiments with completely imsaturated 
soils that the above methods, though intended to give the same residt, will furnish 
widely differing values for lime requirement. No. 1 method will give about 76 to 
90 per cent, of Hj, except the method of Gedroiz which will give as near a value to 
Hj as is possible by treatment with a neutral salt. ■ r 

No. 2 method will give the value for and a greater or lesser portion of-lfjL 
depending upon the experimental conditions. v , 

No. 3 method will give the whole of Hj and Hg and perhaps a part of lig also 
depending upon the conditions of experiment ; except neutralization to pH, which 
will give the value for H^ only. 

No. 4 method is only qualitative. Though the quantity of HgB evolved is pro- 
portional to 111 , possible to determine Hj from the values obtained by these 

methods. 

No. 5 method will give the value for Hi and a part of Hj depending on the time 
of reaction. 

It is difficult to choose from the above methods until the relative toxicity of 
Hi and Hg has been established from pot culture experiments and field trials. Theo- 
retically the lime hunger of a soil could be fully satisfied only when it is neutralized 
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tip to tlie H 3 stage (Hissink’s method of finding tlie sta.te of sa/fcuraticMi of ii soil). 
From the practical point of view, however, it is quite iminateriai win.' (her the whole 
of the hydrogen is neutralized or only a part, as long as we can get the inaxiinuin 
yield % 7 ith the minimum dose of lime. Plant must be tlu,'. ultima, to c,rH;erio,n to 
show what proportion of can be tolerated by it, and what proportion of ilg if ueu-' 
tralized would be beneficial. 

Since Hj was the only part that could invert cane sugar, liydrolyse Ethyl a,cetato, 
decompose zinc sulphide quickly, show “ exchange acidity ” or retain ammonia and 
amines at 100— 10 >“ 0 , i.e., in general show reactions characteristic of true acids ; 
it was believed that the toxicity of acid soils would be mainly due to Hi. Therefore 
in the liming experiments described here, the basis of lime requirement was the Hj 
limit determined by neutralization of the soil suspension to Brom Thymol Blue in tlie 
presence of excess of CaS 04 . 

The red lateritic soil of Dacca which is typical of a large part of Bengal was 
chosen for these experiments. The soil is highly acidic and possesses an open tex- 
ture through which water percolates rapidly though the clay content is fairly high 
(38 per cent), 

A two acre plot of land was divided into 4 parts and manured as follows : — 

A. No manure. 

B. Mustard cake to supply 40 lb. of nitrogen per acre. 

C. Ammonium sulphate to supply 40 lb. of nitrogen per acre, and bone to 

supply 40 lb. of phosphorous i)er acre. 

D. Farmyard manure — 200 maunds per acre. 

Bach of these four plots was divided into 12 sub-plots, six of which formed the 
a series and the other six, h series, a’s being duplicates of b’s {Fig. 9). 

About half a dozen soil samples were taken from each of these sub-plots, mixed 
and air dried and then tested for limit. Lime was then added according to the 
following scheme : — 

1 . Control, (no lime). 

2. S (average dose 11*7 md. per acre). 

3. (average dose 23*4 md. per acre). 

4. (average dose 35*1 md. per acre). 

5 . iS (average dose 52*6 md. per acre). 

6 . 2ir^ (average dose 70*2 md. per acre). 

The sub-plots, therefore, did not actually receive a regularly increasing dose of 
lime, but this was regulated according to the limit in eae.h sub-jilot. The nn- 
eveniiess in the entire field was thus eliminated to a certain extent, and the sul)- 
plots received increasing doses of lime on the fundamental basis of Hj. The actual 
amounts of lime in maunds per acre applied to each sub-plot is stated in Fig. 9 . 


Mo manure Am. Sulphate Bam 
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A crop {SorgUmimlgme) was put m on tlie 20th St‘pi.oTnlH’r a.tui harva<ii,od 

«>.u tlio 30th November 1928. The yield from various piot,.s is recan-Ord in ^ra1tl(‘ N l 
and grapTiieally shown in Kg. 10. Due to unevonm'ss of tlnn h sub-plois and the 
direction of the. natural drains, the results are not so uniform as in a su! (-plots, in 

the graph, only the results of a sub-plots are plotted. 


Table XI. 

Showing ike yield in lb. from various sub-plots in liming expcrimcn:!s (the crop was 
harvested and weighed immediately). 


YiKI.D in LTi. IN KAOU sniJ-]‘I.O'r. 


8 ub-plot 

A 

{No maiHU’o) 

B 

{Mustard 

calco) 

0 

(Am. Hiilph. 
-!- Boiio) 

1 ) 

(Fnrniyaril) 


r% 


. 



7 

42 

2-5 

32 

0 

hb, 


, 



17 

76 

24-6 


Hj 






18 

J63*5 

113 

, 216-6;' : 

3" 

u 





25 

214 

. 88 ■ 

.168 

2 H, 

fa® 





, 45 

190 

185 

300 

3 

u 





50 

233 

98 

279 


r 84 





46*5 

212 

197-5 

349-5 

lij ' 

u 





11 

209-5 

156 

279-5 

3 IT, 

r% 





27 

199-5 

186 

413 

-jj 

U 





37-5 

222 

96 

397 

2 Hi 

Ja, 





4 

77 

J66 

319-6 






32 

78 

HO 

404-5 


Discussion of results. 

The results shown in Kg. 10 bring out the following intoiTstnig facts :-~- 

(1) Manuring without lime or liming without manure <Ioes not iin](rove 
these soils much. The ultimate solution will lie in liuding a judicial 
combination of the two, i.e., liming and manuring. 


iji' lbs. edchj Sul? plot (-jf / 
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(2) Tile optimum dose of lime is different in tlie presence of different manures : 

For instance, with mustard cake, the optimum is r(3a.c]ied with a very 
much smaller dose of lime than in the case of aminoni urn sulphate or 
farmyard manure. It is, however, appai-ent that the hirgtvr close of 
lime required in the case of farmyard manure results in an increased 
crop yield whereas with ammonium sulphate we require about 
three times the amount of lime to get the same yield as mustard 
cake. 

(3) After the maximum value for the crop yield is reached in the case of 

all the manures and even no manure, there is a distinct tendency for 
the crop to fall in yield. This is very much more marked in the case 
of mustard cake than any other manure. 

A possible explanation of the peculiar behaviour of mustard cake is furnished by 
the fact that the pH. value of an acid soil increases when it is shaken with mustard 
cake, showing thereby that less lime will be required to neutralize (bring it to pH7) 
an acid soil in the presence of mustard cake. This probal)ly explains tlu^ fact that 
the optimum dose of lime for plots supplied with mustard cake is very much lower 
than ill other plots. It is also shown from nitrification studies of acid soils conducted 
in the Bacteriological Section of this Institute that the increasing doses of lime added 
to the soil result in an increased production of nitrites in the presence of mustard cake. 
These nitrites are decomposed at a later stage, but this disappearance of nitrites 
takes place after a very much longer time when the soil is neutralized up to the Hg 
stage than below it. As nitrites are not available to plants and may even be toxic, 
the sudden fall in the crop yield might be partly due to that ease. 

It must be pointed out, however, that these are tentative explanations and are 
offered merely to point out that an extensive laboratory investigation bearing on 
the nature of reactions involved in the triple system, lime, soil, and manu.re must 
1)6 undertaken before a satisfactory explanation can be offered as to the differences 
ill the behaviour of lime in the presence of various manures. 

Attention must be drawn to another important point, a disregard of which might 
lead to some confusion. From the graph showing the effect of lime in the presence 
of mustard cake, it must not be inferred that mustard cake would be useless or even 
harmful for calcareous soils. Excess of lime due to its greater solubility can be harm- 
ful, whereas excess of clialk (calcium carbonate) on account of its low solubility will 
not tend to make the soil excessively alkaline. As all excess of lime must get convert- 
ed into carbonate in course of time, it is believed that this tendency towards a fall 
in yield will disappear. 

These views are also confirmed by bacteriological studies referred to above, 
where they have obtained characteristic differences in the behaviour of lima and 
calcium carbonate, wdiich tend to show that whereas an excess of lime adversely 
affects nitrification and induces nitrite formation, an excess of CaCOg has no such 
harmful effect. 


M 


AMAE NATH PtTBI 

It appears from tlie above tbat it would be perbaps safer to maaure with clialk 
than with lime, or if lime is applied, it should be done well in advance of putting in 
the crop. However, if the Hj limit is not exceed^, then lime cannot act as toxic. It 
is intended to study this interesting difference in the behaviour of lime and chalk 
with special reference to oil cake manures in pot eultures. 


Economic consideeations. 


We have seen that lime coupled with farmyard manure gives by far the best 
results on these soils. This becomes all the more striking when we take into con- 
sideration the cost of manure and increased outturn. 

From Fig. 10 we can roughly calculate the cost of lime and manure for obtaining 
a yield of say 50 maunds per acre oi Juaf fodder: In the various plots it is 
as follows : — 


B Plot— 

Mustard cake — 25 mds. @ Rs. 4 per maund . 
Lime = 5 mds. @ Rs. 0-12-0 per maund 


C Phi— 

Am. sulphate = 5 mds. @ Rs. 7-1-0 per maund 
Bone meal = 3 mds. @ Rs. 6-0-0 per maund . 

■ Lime = 35 mds. @ Rs. 0-12-0 per maund 


D Phi— 

Oowdung = 200 mds. @ Rs. 12-8-0 per 100 maund . 
Lime == 10 mds. @ Ra. 0-12-0 per maund 



Rs, 

A. 

T. 


. 100 

0 

0 


. 3 12 

0 

Total 

. 103 12 

0 


. 35 

6 

0 


. 15 

0 

0 


. 26 

4 

0 

Total 

. 7(5 

9 

0 


. 26 

0 

0 


. 7 

8 

0 

Total 

. 32 

8 

0 


Another striking point about farmyard manure is that, by increasing the lime 
dose from 10 to 38 maunds to the acre, a 100 per cent, increase in yield is obtained ; 
whereas with other manures such an extraordinary increase in crop yield has not 
been noticed. 


Detailed description op the method of finding limit of acid soils. 

The soil is measured in a capsule 20 c. c. capacity and shaken with about 100 c. c. 
of water for few minutes in a conical flask ; excess of neutral CaSOj added, also 
5-10 drops of 1 per cent, sol. of Brom Thymol Blue indicator. It is then tntrated 
with I, lime solution, till a blue colour is obtained, on leaving the flask for a couple 
of minutes. Each c. c. of lime solution used represents 1 maund (-82 lb.) of lime 
(Ca(OH)a) per acre up to 6" depth. It is not necessary to use lime water tor these 
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titrations. In fact it is more convenient to use % Baryta. It is better to start a 
number of soils (about a dozen or more at a time) and complete tbe titration in. 
ajjoiit a couple of Lours or longer if time permits. Tlie first iilue colour prothiCHHl 
soon fades to yellow on shaking and leaving and more alkali is required to ]>roduee 
more or less permanent bluish green. The reaction between acid soils and alk"alies 
is very slow and a titration may even take 3 days for coinpietion. However, it was 
found that, if the titration is finished at permanent blue colour which persists for 
about an hour, it slowly comes back to green (neutral) colour in about 3 days. That 
is why it is recommended that the tritration should be carried on till a blue colour 
is obtained that persists for some time. 

Summary. 

1. The experimental evidence adduced so far in this investigation lends support 
to the view that soil acidity is due to insoluble colloidal acids or “ acidoids ” which 
are associated with surface active hydrogen and basic actions. 

2. A number of reactions characteristic of soluble acids were studied in fully 
unsaturated soils obtained by exhaustive treatment with ^ HCJl, The outstanding 
facts that emerge from this study are that acidoids, though insoluble, show reactions 
similar to those of soluble acids. These, however, take place in three distinct stages 
in which one, two or three equivalents of H can take part, i.e., Hj, H 2 and Hg. 

3. The experimental facts adduced so far can be best interpreted by supposing 
that the acidoid in a fully unsaturated soil is a tribasic acid. 

4. The results of liming experiments on a two acre plot carried out at Dacca 
(Bengal) show that toxicity of acid soils is confined to only, for the measurement 
of which a simple method is outlined. 

Acknowledgment. The liming experiments described in this paper were carried 
out in consultation with Major Carhery, Agricultural Chemist to Government of 
Bengal, and the writer is indebted to him for many helpful suggestions. 
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In an earlier publication^ it was pointed out that tbe condition of the soil cha* 
racterked as “good tilth ” is associated with the state of aggregation of the indi- 
vidual particles into crumbs or compound particles. Variations in soil tilth are 
chiefly brought about by soil colloids particularly with reference to their floccu- 
lated or deflocculated condition. For instance, in a general way we know that 
hard impervious heavy soils go into suspension readily when shaken with water, 
whereas soils having good tilth rarely show much suspended matter when similarly 
treated. It is, therefore, clear that for developing a general theory of soil tilth, 
we must first of all establish the principles underlying the dispersion of soil colloids. 
This will not only enable us to correlate soil tilth -with easily determinable factors, 
but would help in the clearer understanding of the mechanism of the newer methods 
of mechanical analysis that aim at attaining maximum dispersion of soil particles. 

From a comparative study of the methods of preparation of the soil for mecha- 
nical analysis,® it wms concluded that to obtain maximum dispersion of the soil, 
treatment with dilute HCl is necessary. This has been confirmed by Davies and 
Middleton.® These authors have enunciated the principle imderiying the acid 
treatment as follow’^s The colloidal material is highly adsorptive and adsorbs 
from the soil solution many complex ions which tend to neutralize the charges on 
the individual particles so that they tend to coalesce and form aggregates. It is 
necessary to remove the adsorbed ions and substitute an ion which will impart 
the same charge to all particles, thus tending to make them separate, since like 
charges repel each other. The function of the acid treatment is to remove the 
adsorbed ions so that when alkali is added later, the colloidal particles may all be 
dispersed”. 

There are two serious difiiculties in the way of accepting the above statement 
as representing the true state of afiairs : — Firstly, if the stability of the colloidal 


* Puri and Keen. Jour, Agri. Sci,, 16, p. 147 (1925). 

® Puri and Amin. Agri. Mes. Inst. Pusa Bull: 115 (1928). 

8 Davies and Middleton. Proc. Int. Cong. Soil Sci., Vol. 1 (1928). 
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suspension is merely brouglit about by the fact that all the particles have the same 
‘‘ adsorbed ” ion, then the dispersion should be comi)let(3 wliatever hydroxide is 
used after the x^reliminary acid treatment. This is definitely not the case a,s wi; 
shall see later. Secondly, as the soil colloids are known to “ adsorb ” chieliy elec- 
tropositiv (3 ions under ordinary circumstances, it cannot matter very iniicli wlietiier 
they are similar or dissimilar, as long as the particles remain negatively chargeil 
and there is no evidence of a reversal of charge in the case of soil colloids. In fact, 
as will be shown in Part III of these stndiesi, the directly determining factor in the 
floecuhition of soil colloids is not so much the nature of the “ adsorbetl ion a,s 
that of the ion in solution, and therefore it is not very material what the nature 
of the adsorbed ion is as long as the particles remain negatively cliarged. 

In the xnocess of drying of soil colloids, as it happens in nature, the water film 
gets smaller and smaller as evaporation proceeds and the adjacent particles are 
drawn together on account of the surface tension of the film water and ultimately 
get wedged together forming compound particles which can be torn asunder by 
using considerable mechanical force. When these particles come in contact with 
water again, they have a tendency to pass into suspension ; this is opposed by the 
cohesion of the cemented particles ; and in the absence of electrolytes the ultimate 
state of afiairs is determined by the equilibrium condition of these opposing forces : 
if the dispersion force is stronger than the cohesive power, the colloid will pass into 
suspension, otherwise not. In what follows an attempt will be made to find out 
the influence of various factors on the dynamics of this equili])rmm. 

In Part I of these studies® evidence was brought forth in support of the general 
theory of soil acidity as being due to insoluble colloidal acids (“ acidoids ”) and 
the so-called adsorption of bases was ascribed to “ saloid ” formation. Although, 
through force of habit and a natural tendency of uniformity of expression, the term 
‘‘ adsorption ” has been freely made use of even by those workers who no longer 
believe in the phenomenon of adsorption as being radically diflerent from chemical 
reaction, precision will be gained if we restrict the use of adsorption in the case of 
soils to moistm'c intake from the vapour phase and make more frequent use of 
chemical terminology. Thus we can designate a completely unsaturated clay as 
elayic acid (Michaelis “ acidoid ”) and its salts as clayates. As has been shown 
elsewhere,® clayie acid may be regarded as a tribasic acid which forms normal as 
well as acid salts. This terminology will be freely used in this paper. 

Experimental. 

Various methods of dispersion without the use of chemicals have been suggested 
from time to time, such as simple shaking with water for a number of hours, rub- 
bing, churning, boiling, etc. 

1 Puri, A. N. Flocculation of soil colloids. Mem, Dept. Ayri. India, CUm. Ser., Voi. XI, No. G, 

® Puri, A. N. Studies in Soil Colloids, Part I. Base Excliango and Soil Acidity. Me^n. JJv/nt, 
A(jri, India Chemical Series, Vol. XI, No. 1. 

3 Puri, A, N. Studies in Soil Colloids, Part I. loo. cit. 


N^one of tliese, however, is reproducible in the hands of different workers. These 
were, therefore, discarded in favour of simple contact with water for 24 hours. This 
is the nearest approach to field conditions and the results are strictly reprociuci])le, 
and although in a given field the values might vary from time to time, this is exactly 
what may be desirable to know. 

Throiigliout this investigation the degree of dispersion was measured by deter- 
mining the percentage of conventional clay (0*002 mm. diameter) by the pipette 
method after leaving the soil iii contact with water for 24 hours (referred to as 
dispersion factor or D. T.) and expressing it as percentage on the total clay content 
of the soil obtainable on complete dispersion. This is referred to as Dispersion 
Coefficient (D. C.) or D. 0. . In other words, dispersion coeffi- 

^ ' clay content ’ x 

cient measures the percentage of the total clay that can pass into the suspensoid 
state by simple contact with water ; and its value varies from zero to 100 per cent., 
depending as to w'hether the soil is completely flocculated or completely dispersed. 

The exact procedure for the determination of the dispersion factor is as fol- 
lows : — 

10 grams of soil are made up to one litre with water and left overnight in a cy- 
linder or bottle of uniform diameter, after mixing the soil and water by turning 
end over end few times, taking care that the suspension is not subjected to any 
violent agitation which might break up the crumbs. 

Next morning the suspension is thoroughly mixed by gentle end over end motion 
and allowed to settle for appropriate time and clay (0*002 mm.) determined by pipet- 
ting from the proper depth exactly as in the pipette method. 

The total clay obtainable on complete dispersion of the soil was determined 
by the (Ha Cl— NaOH) method developed in this laboratory.^ 

The dis'perswn of clayic mid and various metallie dayates. 

The formation of metallic dayates can be accomplished in two ways 
{a) Exhaustive treatment of the natural clay with a neutral salt when the 
various dayates are converted into a single clayate by double decom- 
position. 

{h) Conversion of tbe natural day into clayic acid by treatment witb. HOT, 
and then the formation of various dayates by neutralizing with 
different hydroxides. 

It must be remembered that by the first method we can only get di-hydrogen 
metsillic dayates, whereas by the second we can have any acid or normal saloid.^ 
For comparison of dispersion, therefore, di-hydrogen saloid was studied in both 
cases. 

^ Puri, A. N. A new metliod of dispersing soils for mechanical analysis Mem. Deft. Agr, Indint 
Chemical Serien, Vol. X, No. 8. 

2 Puri, A, N. Studies in Soil Colloids, Part I. ioc. cit. 
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In Table I are given values for the dispersion factor as well as the dispersion 
coefficient for three soils with various ions introduced, by exhaustive treatment 
with their chlorides, the soils being subsequently washed and air dried. In every 
case 10 grams of air-dry soil were made up to one litre and the dispersion factor 
determined as described above. 

Table I. 


Dispersion of dayic ami and mrioiis dayatcs. {di~hydrogen saloids.) 


Soil 

Acidoid or 
saloid 

Clay 
per cent. 

I). F. 
per cent. 

D. 0. 
per cent. 

Hops Fallow . . . 

Clayic acid 


33-9 

1-0 

2-9 

18-27" . . . . 

Na Clayate . 


36-50 

34-9 

98-1 

(Rothanisted) . . . . 

K 


30-8 

3-1 

10*1 


Ca ,, 


31-1 

3-6 

11-6 


Ba 


32-1 

3-7 

11-6 

. 

Al „ . 


32-3 

1-7 

6-3 

Dharwareoil 

Clayio acid . 


60-6 

1-4 

2-3 


Mg. clayate . 


60-6 i 

3-2 

6-3 


Ca „ 


t)0-6 

2-2 . 

s-e,;,-',: 


Ba „ . 


00-6 j 

2-6 

4-3 


Al „ 


00-5 

0-5 

0*8 

Akola soil . . . . , 

f Clayic acid . 


1 60>6 

2-6 ■ 

4-1 


Ca clayate 


60-6 

3-0 

4-9 


Ba „ 


60*6 

3-2 

6-3 


A glance at Table I will show that, except in the case of Na dayate, the dis- 
persion coefficient is very low ; in other words, Na clayates go into suspension after 
drying by simply keeping them in contact with water, whereas other clayates re- 
quire some mechanical force to assist in the dispersion. There is, however, no 
reason to believe that all saloids, in the absence of flocculating agents, will not go 
into suspension, provided the duration and extent of mechanical force is suflicicnt 
to overcome the force of cohesion that is binding the individual particles together. 

The difference in the behaviour of various metallic clayates is also shown in a 
striking manner in an experiment where the saloid formation was effected by treat- 
ing dayic acid with various hydroxides. 500 grams, of Akola soil (a heavy black 
cotton soil) were converted into the acidoid state by exhaustive treatment with 
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HCl. The soil after washing free from excess of acid was fractionated by 
sedimentation and clay portion (0*002 mm.) separated. To 750 c.c. lots of this 
clay suspension, which required 30 c.c. of -^alkali for neutralization {pH 7), 
were added 3 milli-equivalent of various hydroxides and volume made up to a litre. 
The suspension was then subjected to ultra-mechanical analysis. The results given 
in Table II show that Na and Li clayates contain the largest proportion of particles 
that show no sign of settling even after 19 days up to 5 cm. depth. 

Table II. 

Effect of various hydroxides on the dispersion of clayic acid. 


WkIQHT OI* KBSIDUE EEOM 50 C. C. SVSEENSIOK PIPET- 
TEl> WITH APPROPEIAT.E TIME/dEPTH RATIO. 


Hydroxide 

0*002 mm. 
(diameter) 

0*001 mm. 

0*0005 mm. 

19 days 
settling 

6 cm, depth 

Nil 






•1620 

*1166 

*0670 

*0100 

LiOH . 







*1672 

•1594 

•1430 

NHjOH . 






•1668 

•1518 

•1466 

•1024 

NaOH . 






•1700 

*1655 

*1570 

•1436 

KOH . 






•1722 

•1463 

•1208 

■0644 

MgfOH), 






•1762 

*1119 

•0600 

•0062 

Oa{OH)j . 






•1682 

•1118 

•0570 

•0084 

Sr(OH)s . 






•1720 

•1223 

*0560 

•Ao 


• • 





•1740 

'1170 

•0550 

. -0073 


It appears from Table II that 844 per cent, of the material in Na clhyate is 
colloidal as compared with 614 per cent, in the case of ammonium saloid. i 
It is to be remembered that the above noted differences are only shown 'when 
the soil colloids are air dried, and if a soil suspension at maximum dispersion is con- 
verted into any saloid or acidoid (with the possible exception of saloids of A1 and 
Fe), then the dispersion remains at its maximum, provided the soil is not allowed 
to get dry. For this purpose Akola soil in the acidoid state was treated with the 
requisite amount of NaOH and brought into a state of maximum dispersion. It 
was then treated exhaustively with N solution of various chlorides, as well as 
HCl. After washing with water till free from Cl ions, it was shaken with water 
and made uj> to a definite volume. The results given in Table HI show that, except 
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in tlio, cnse of Al and Fe (slayatea wWcli show slight reduction, the dispersion is prac- 
ticaJi}-' the same and at its maximum. 


Table HI. 

Dispersion of various dayates prepared from Na chyatc and not allowed to dry. 








Clay per cbyt. 


Aoidoid 

or saloid of 




6 per cent, 
suspension 

'.1 per. cent;. , 
suspension 

Acidokl 






60-3 

, 64*6 ■ ■ 

Na 






61*7 

09-4 

Mg 






62*2 

55*0 

Ca . . 






62*1 

58*0 

Sr . 






62>2 

65*1 

Ba . 






63*8 

59*8 

Al . 






54*6 ■ 

■ 52*4 

Fe . 

• • • 





63*9 

46*7 


The effect of concentration of suspension on dispersion is also seen in Table HI, 
This point will be examined in greater detail later on. 

The fact that there is no change in dispersion, whatever the nature of the ion 
ill clay, is of some importance ; for it shows that an alkali soil (rich in sodium ciay- 
ates) can be successfully reclaimed after the gypsum treatment only if it is allowed 
to dry and rewetted. In this connection Kelly has rightly stated : “ The high dis- 
persion of leached alkali soil is not easily overcome. In addition to replacing the 
sodium by calcium, the element of time seems to be important. With certain alkali 
soils a state of pronounced deflocculation still remains after the sodium exchange 

components have been converted into calcium comj)oiiuds Allowing 

the soil to dry out and the use of flocculents may therefore be very helpful in the 
reclamation of an alkali soil 

The progressive production of Na clayates from clayio acid as effecting disper- 
sion is shown in Table IV. 

The following soils were used in 1 per cent, suspension 

(1) A. T. 7 Clay— 12 per cent. 

(2) A. T.4 Clay— 20-9 „ 

(3) A. T.5 Clay— 22*6 ,, 

(4) A.T. 16 Clay-32*9 „ 

03) A. T. 17 Clay— 39*8 „ 

^W.F. Kelley. Pfoc. InL <7ow?. .Sfof/ .Set., Vol. 4, p, 483, Waahmgton (1928). 


Effect of the 2JTogrcssive productio-n of Net clayaU from dciyic acid on dispersion. 


Dispeesion coeeeicient (pee ceet.) 


100 0. c . 

(1) 

(2) 

(3) 

(4) 

( u ) 

0 






10*3 

7*6 

4*0 

8*7 

8*3 

1*33 






13*6 

8*6 

3*6 

13*1 


2-m 






21*8 

24*9 

11*1 

19*7 

14*9 

3- Oi ) 






66*6 

28*7 

28*8 

20*7 

21*4 

6-32 






58*3 

61*2 

60*9 

66*4 

27*4 

6-98 







66*1 


64*4 

31*3 

6-65 






920 

70*8 

08*6 

68*6 

36*0 

7-31 








78*7 

76*6 

41*4 . 

7*98 






92-0 

87*1 

88*5 

80*6 

46-3 

9-31 






97*5 

100 

93*8 

91 -S 

65*0 

10*64 






99*0 


94*7 

100 

65*4 

11*97 






100 


98*6 


73-4 

13*33 








100 


84*9 

14*66 










82*3 

16*99 








j 



90*9 


A comparison of the p>rogressive dispersion action of clayate formation with 
various hydroxides of alkali metals is shown in Table V, in the case of Akola 
soil (clay content 00*32 per cent.). The results plotted in Fig. i eon- 




46 


BISPEBSION OP SOIL COLLOIDS IN WATER 


iirm tlie previous observation that Li and Na clayates disperse nincli )nore readily 
any other olayatc. 

Table V. 

Ejfe,cl of various hydroxides on the dispersion of dayio acid. 



The fact that only the Li and Na olayates give a high dispersion coefficient is 
very important from the practical point of view, as it affords a very simple method 
of determining hov far the soil colloids exist as Na ckyates in nature. The value 
of this will be rea,> ily recognized in the light of recent researches on alkali soils 
notably those of Sigmond, Gedroiz, Joffe, McLean, Kelley and Scofield ; which 
leave no doubt as to the fact that alkali soils are rkh in exchangealdc! Na, or in other 
words, contain a high percentage of Na clayates. 

A number of natural soils were examine<i ; some of the,se were sods rich in ex- 
changeable Na. The dispersion coefficieiil; as well as jrermeability to water (deter- 
mined by the writer’s cylinder method^) for these soils i.s recorded in Ta,b!e VI. 


Pmi. A. X, A new pescolataig cylinder and ecmie of its uaea. At/ri. Jour. Indlu, X.XIV, Pt. 0. 
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Table VI, 

k Disj)ersion. of mriotis soils. 


. ■ ' Soil 

Clay 
per cent. 

D. F. 
per cent. 

D. a 
per cent. 

Percolation 
c. c. per hour 

Highly acid soils — 





(i) Tliumvoor. East kati (Madras) 

69-8 

1-9 

3-2 

142 

(2) Dacca (Bengal) . . . . 

35*9 

3.4 

9-5 

172 

(3) J?unja lauds Kuppapuran (Madraa) . 

25-4 

1*0 

3-9 

180 

Agricultural soils of varying fertility — 





{a) Unirrigated — 





(1) Akola (Bombay) . . . . 

SI'S 

I'S 

2-9 

16 

(2) Malabar Coast (Madras) , . 

21-8 

1*3 

6-9 

22.5 

(b) Irrigated soils — 





(3) Karaal (Fun,|ab) . , . , 

29-6 

4.4 

14-9 

23 

(i) Naryan I 

9-2 

1.3 

14.1 

15 

(5) „ 11 . . . . . 

9.1 

M 

12-1 

16 

Calcareous soils— 





(1) P. li (Pusa) . . 

17-8 

5*3 

29-8 

13 

(2) P. 3 (Pusa) . , . . 

Q.'l 

2-7 

28-7 

10 

(3) Soil from Turky (Bihar) Infertile 

19-1 

11-8 

61-7 


Alkali soils — 





(1) Sir Giinga Farm (Poor crop) 

9-0 

3-4 

38*2 

7 

(2) Bara (Untreated) Infertile 1st., ft. 

20-3 

15 8 

77 -S 

1 

(3) „ „ „ 2nd ft. 

14-0 

9-3 

0641 

1 ■" 

(4) Montgomery (infertile) 

74-3 

75-7 

iOO 

0 

(5) Typical Bara ( . 

21-2 

19-4 

91-3 

1 

(0) Bara Uyp.sum treated still iufertih; 

151 

ii-e 

70-0 

1 

1st ft. 





(7) Bara Gvpsum treated still infertile 

14-3 

7-2 

60-1 

1 

2ud ft. 





(8) Bara Gvpsum treated crops d >ing well 

IG'fl 

2-9 

18-1 

42 

1st ft, " 





(9) Bara Gyp.sum treated orop.s d bag well 

14-8 

3-6 

24-1 

40 

2nd ft. 




U" . .'■■■ 

( 10) Fair land in Bara tract 

4.4 

1-2 

27-3 

1 ” 
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XiivSPERSION oii’ SOIL OOLLOiOS IJS| WATER 


A glaiicr, Ht Tabic VI will reveal S011U3 interesting facts 

(1) Alkali soils rich in cxcliaiigcable ISla show a liigh dispersion cocilicieut and 
a ve.rv low rate of percolation. 

(•J) Successful treatment with gypsum increases the permcui-bility and is re- 
flected in a lowering of the dispersion cochicieut. 

(.‘I) Highly acid soils give a very low dispersion cooliiciont iiiid a. very high rate 
of percolation. 

(d) Irrigated soils give a comparatively higher dispersion coefficient than nn- 
irrigated ones. 

A method of preliminary trea,tment of the soil for mechanical analysis ])ascd 
on the easy dispersibility of Na elayates has been developed.^- .Briefly, it consists 
in treating the soil witli N. NaOl when the clay is converted into tiiti Na, sa,!oid 
and the soil disperses completely. The method is applicable to calcareous soils 
which shows that an exce.ss of OaCO^ does not pr»3vcnt the soil from accumulating 
exchangable Na. This is shown in a strikijig manner in the case of an infertile 
Bihar soil (Table VI) which contains IG per cent. Ca(JO;j. Here also the infertility 
is associated with a high di.spersion coefficient. The fact noted above leads to a 
very important conclusion, i.e., an alkali soil (rich in exchangeable Na) cannot be 
permanently improved by adding lime to it. This latter point will ])e discussed 
in part III of these studies.*^ 

Determination of the dispersion coefficient affords a simple moans of finding 
the degree of alkalization of a given soil. It giv(is at once the state of aggregation 
of the particles and consec|Ucntly some idea of the soil tilth. Periodic determi- 
nations of this value on lands recently brought under eaiiai or well irrigation will 
show whether there is likelihood of soil deterioration. 

Although dispersion cooflicient (jannot be regarded, as a definite constant in 
the sense that it could be used, for soil cliaracterization like, for in.stance, the clay 
content, its variations in a given .soil are not very great ; in fact, it is these varia- 
tions a knowledge of which would be helpful in solving many difficult problems 
conuGOted with soil tilth. 

We have seen that all good .soils give a comparatively low di.spcTsion <3oefficient, 
wlrereas all barren alkali soils show a high value ; a.nd what is more important, where 
the soil has been improved by gypsuD-i treatment, the dispersion coefficient 
has gone do^vn and where it has not responded to this treatment the value is still 
comparatively high. Colloids are considered reversible whose solutions leave a 
re,suiue soluble in water when desiccated at ordinary temperature ; and irrevers- 
ible, which under the same circumstances yield a residue insoluble in water. T’here 
is no doubt that all soil colloids would be classed as reversible, but tlie manner 
ill which they can be brought hack into solution is not the same. For instance, 

1 .Puri. A new method of di.speraiag .soils for mtjihaaical aualyais. Mam. J)cpi. Acri. Inilin, 
C'/icw. ^V-n, Vo', X, No. 8. 

2 Puri. Studies in soil colloids. Part ill. Pioccuiatiou of .soil colloids. J/cw. LepL Aun. Imlia, 
Ohmn. Sqt,. Vol. XI, No. 0. 
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calcium saloid if once dried will not go into susjiension unless assisted hj mecha- 
nical force to overcome cohesion, whereas in the case of sodium and lithiimi saloids, 
no meclianicai force is rerj^uired ; and we are dealing with phenomenon treated by 
JJoimon^ who has shown that under certain assumptions the mutual reactions of 
tlic forces of cohesion and the forces of molecular attraction can result in an auto- 
subdivision ” of the substance which ceases before molecular dimensions are reached. 

Mattson^ who studied the dispersibility of soil saturated with various bases 
also arrived at the conclusion that sodium hydroxide causes a higher degree of dis- 
persion than either potassium or ammonium hydroxide. Similar conclusions have 
been arrived at by Thomas.® 

The complete reversibility of sodium clayates after drying and their remark- 
able property of “ auto-subdivision ” on coming in contact with water is made the 
bases of a simxjie test for alkali soils rich in exchangeable sodium. The test is 
carried out by working the soil into a pallet witli a little water and air drying. The 
dried pallet when x>laced in a shallow basin a potri dish) of water, develops 
a turbid ring round it within a minute or two which covers the whole surface of 
water in ten to hfteen minutes. The test is extremely simple and can be carried 
out actually on the field. 

Effect of concenimtion of suspension on dispersion. 

The mutual influence of particles on one another at the time of settling is an 
important consideration in ail studies of dispersion. It is therefore of interest to 
know the minimum concentration beyond which this influence begins to be felt, 
as well as the probable nature of this eflect. 

According to Oeb-n it is not safe to go much beyond i per cent., whereas Wi(^- 
ner maintains that a conceutration of more than 5 per cent, can be used without" 
introducing any error. i ■f I 

It was decided to study this effect in the case of completely dispersed s^ispen- 
sions containing one kind of exchangeable ion in the clay complex. Some on'^eae 
results have been recorded in Table 111, which shows that in aii cases a higher 
content is obtained at 5 per cent, suspension of the soil than at 1 per cent., but ' 
this difference is less in the case of JSia clayate than in others. In order to study 
the point in greater detail, a number of concentrations were examined in the case 
of ciayic acid and iNa clayate suspensions. The results given in Table VII throw 
light on the nature and extent of this influence. The effect is obviously due to the 
increase of viscosity brought about by au increased concentration of soil colloids, 
so that the rate of settling is decreased thereby. However, it is to be noted that 
the effect is not very great even in 5 cent, suspensions of soil {equivalent to 
3 per cent, suspension of ciay), especially in the case of ISIa clayate soil. 

^ iLciktihr, Jf. Fhys. (Jhem., J901, Vol, XXXVll, p. 735, also 1903, Vol. XLVl, p. 197. 

' Miil/tsou, S. I^roc. Mral hit, Cong, Soil Hci. Commission, 11, p. 105, Wasiiiagtoa, iOaS. 

® Thomas, M. i). /ti'oiif A'a., 25, p. 419 (1928). 



liecently it lius b(‘,o.ji siiowii ])y Sliaw mid Winterer^ tluit the sedimeutatioii 
lueUiods ol mcclijiiiica] analysis arc subject to a fiuidmiicntal error, which resnits 
in an. iiucv'cii distribution of settling jaii-ticles in tlic sediinoutatioii column. They 
ascribe this phenomenon to the neutralization of the negative cluirge of t.he particles 
by tlie positive charge of the walls of t-he container, causing them, to coalesce ndth 
one another and settle down faster. Whatever reluctance one might feel in {Uicept- 
ing the explanation of the phenomeJimn offered by the anrhors, the .fact reinainB, 
which, as they themselves point out, is either due to a defective techuicpie or to an 
inherent defect in the method ; if the latter, then all methods of dispersoid ana- 
lysis must be influenced in a similar manner. It became necessary therefore to 
study this point using the pipette technique employed throughout tliis investiga- 
tion. 

2'5 per cent, suspensions of Akola clayic achi and Na clayate soil were used, hofcli 
being at their maximum dispersion. They w'cre <,iontained in glass cylinders of 
C" diameter. Particles of -002 mm. limiting diameter were pipetterl off wdth a 
OO c. G. pipette having its tip bent at right angle, and eva])orated to dryness. After 

^ yhaw and W'iiit»3rer. A lundanieutal error in mechanical analysis of soil by Uio sedimentation 
method. JProc. /ni. OWj/. Vol. I, p. a85 (11)28). 
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eacli sampling tlie siispeiisioii was slialceii agaia and the process repeated. Al- 
together 10 samples were taken : 5 hy Iceeping the tip of tlie pipette in tlie centre 
and 5 near the wall of the container. 

The resnlt;s given in Table VIII leave no doubt that, whatever the distribution 
of the particles might be after settling at the bottom, the process of settling is uni- 
form and vertical and the concentration of the particles is the same at every point 
m a. transverse section of a settling colmnn. 

Table VIIL 


Tran.wefse distribiitifm of jmrticles in m settling cdmmi. 


Sample No. 

WisiOH'jP OF BffisimrE m men sample 

)F 60 0.0. 

Na clayate soil 

Glayic add sol! 

Side 

Centre 

Side 

Centre 

i ....... 

•7430 

•7420 

•7090 

•7010 

S' 9 « « 0 9 « -• 

•7474 

•7420 

•7030 

•6966 


•7S80 

■7633 

•7196 

•7274 

4 • • • . . . . 

•7567 

•7630 

•7280 

•7290 

S - 

•7636 

•7600 

•7387 

•7382 

Mean . ■ . . . * , , 

>7511! 

\ 

'7558 1 

'7W5 ' 

'7185 


Summary. 

(1) Factors influencing the dispersion of soil colloids in water have been studied 
with particular reference to the nature of the exchangeable ion in them. 

(2) When a soil is left in contact with water for 24 hours and clay (*002 mm.) 
determined by the pipette method, the nearest approach to the state of aggrega- 
tion as it exists in the held is obtained and the value thus oljtained is designated 
as dispersion factor (D. F.). 

{Vi) Dispersion coefficient (D. C.) is defined as the percentage of the total clay 
that can pass into suspension by “ auto-subdivision ’ton being left in contact with 
water for 24 hours. 

. J. n F. X 100 
Z.c., ... Clay content 

{4) Dispersion coefficient can be used for comparing the state of aggregation 
of particles in dilTerent soils and in general sliow.s a positive correlation wHh the 
degree, of alkalization in a given soil. .All barren alkali soils, rich in exchangeable 
Na, studied, had a dispersion coefficient above 50 per cent. Successful treatment 
of an alkali soil with gypsum results in a substantial lowe.ring of the dispersion 
cnefiicient and wlie.re the response is poor, the change in this value, is slight. 

MGIPO-M -m.1.137— 7.8.30-500, 
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I. lKTl,0DITCT10Ne 

'riij; u'*n‘k iri flii;, is tJie result of a co-ctperu.t'ivc ojtV»rt iu i\hki '5 

iiie joint roArnirr,r-s of 1 hr. Nuti'ii/ion Section and the Madras* ’De.'paTtraeDf of Agri- 
oiiltiiro wfu’c utili/ie*] l:o earry out animal nutrition experiments. The proposal 
ori^riiiated froni the N'utritjoD Section, it was accepted I.}}' the Director of A.gri” 
cnlture, Afadras, ajul tlie Deputy Director of Agriculture, Livestock, Madras, was 
given a tree hand to. co-operate, witli the Nutrition Section. The Madras Depa/rt- 
ijient pro\'if1ed the animals and ail the food-stulfe used in tlie tests, the aocom- 
modation foj* the experiments and many other facilities. The work was organised 
a.tid carrried out by the' Nutrition Section. I wish to' record here 'my sincere thanks 
to Mr. R- A¥. Littlewood, , Deputy Director of Agriculture, Livestock, for tlie 
whole hearted help he lias given to the Nutrition Section at all times throughout 
the coiiivSe of the experiments. 

I have also to ' acknowledge the help ■ given by my stahh Various members 
assisted in the supervision a,ud management of the digestion and feeding tests, 
as well as in carrying out all the analytical work. 

Object of ex-pefimeids. 

The object of .the experiments was to study the nutritive value of speai’''grass 
fodders. AThis grass is very common on many pasture areas hi India. ' It is also 
converted into fodder aiid hay in large amounts and is baled and transported from 
place to place. Owing to its nude distribution and extensive use, it certainly de« 
serves study. The Hosiir Cattle Breeding Farm produces a representative natural 
growth of spear grass herbage and is therefore^eminentiy suitable for the enqiihy 
it was proposed to carry out. , ■ ■ 

The following products have to be considered : — . . . 

{a) The standard product Prime Spear grass hay . — ^This suffers from the 
grave disadvantage that it is full of spears (the awns of the seed). 
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(b) Mature hay, SO per cent, spears removed.— Ulie Madras Department 

showed that the spears could be removed eliectively and economically 
rake if the grass were allowed to mature. Hence the second 
common and now widely used fodder • — mature hay, spea;rs removed. 

(c) Early cut hay. The Madras Department made repeated efSorts to save 

early cut hay. In suitable seasons excellent early cuts have been 
obtained at Hosur. 

(d) Spear grass silage. Silage making from spear grass at different stages 

of development has been carried out by the Madras Department at 
Hosur. 

The Nutrition Section carried out tests with each of these products. 

Gcmml procedure. 

Two distinct lines of work were undertaken. In one series of tests very accurate 
digestion experiments were made with mature animals. The question here was 
simply to obtain reliable ini'ormation regarding the digestibility of the fodders, 
The other series consisted of feeding experimcntB over extended periods to deter- 
mine the live weight increase and nutritive effect of spear grass fodders. 


11. Digestion expebiments. 

Procedure. 

Three products were tested, namely, spear grass silage, mature spear grass hay 
(80 per cent, spears removed) and early cut spear grass hay. Six bulls were selected 
for this work and each bull was fed with the three fodders in succession. Hence 
six separate and parallel sets of digestion data were obtained for each fodder. Both 
concentrate and coarse fodder were fed in proportion to live weight, the coarse 
fodder being provided in slight excess to ensure consumption of the desired amount. 
In the case of silage and young hay, the desired consumption was satisfactorily 
attained. In the case of mature hay every animal ate less than its allotted 
amount. The consumption was, however, cpiite regular. For each ration a 
preliminary period of feeding preceded the actual digestion experiment which 
lasted twelve days. 

Digestibility of the mixed ration. 

The results of these trials are shown below : — 


Digestion co-efficients of the mixed ration 
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The figures are givea in coiisiderabJe detail to bring out certain j-emarkable 
regularities wliicli have been found. The chief points to^note in iiiese rCKiilts are 

(a) Consumption of roughage. It is significant that sihigo and )niiijig liay 

are consumed more readily tlia,n mature hay even when iiinited 
amounts are fed. , . 

(b) Digestion of p'-otein. Protein was best digested in the young hay ration. 

The mature hay comes next and silage is last. It may be noted 
that silage has this.low position in spite of the fact that the ration 
contained as much protein as the young hay ration and considerably 
more than the mature hay ration. -The figures indicate that- protein 
in silage rations is less digested than in hay rations, 

(e) Digestion of oarbohgdmte. In carbohydrate digestion the silage ration - 
is easily the best. The joxmg hay comes next. 'Mature hay is ki&t. ' 

With regard to variations in the digestion resiiits, a first ghmee shows that the 
digestiosi coefficients of any one fodder as determiiuxl froui tesLs with six diiieTcnt 
animals agree moderately Tvell. A careful examination shows, howeWrj timt the 
observed variations are not mere chance tluctuations about a mean figsire. The 
values found are related to the ration consiimod. Some animals uto relatively more 
roughage, others relatively less. Accordingly, the ratio of roughage i.o concentrate, 
the percentage of protein and the niitj'itive ratio w^ere distinct for cacii animal in 
each experiment. It can be shown that these fu,ctors exerted a dei'inite. e&'o.ct upon ^ 
digestion. To bring out this point, the data have been arranged in ooicr ami 
instead of the result it.self the numerical order of the result is recorded in Tublo II, 


Table II. 


Relation heUveen digesllon and the amomd of foaghige consumed. 




No. 

On.BE!E OF E/t.' 

Total 

Oedeh 

031!' OAKBOIlVrtKATK 
waEsmoN 


i/dli 

irtL teal 

3jic1 Isiafc 

3vd Inst 

Lit, tout 

Siidtost 

3f«J test 


' '-1 

1 

■ 2. 

1 ' ' 

4 

i 

1 

1 



2 ^ 

4 

4 

10 

3 

4 

' 4 

11 

8 

6 

0 

5 

10 

■ ■ 0 

2 

6 

14 

4 

2 

3 

3 ■■ 

8 

■ 1 

3 

2 

6 

6 

5 

6 

6 . i 

17 

o 

5 

0 

16 

(i 

4 

i 

2 ! 

7 

4 

{» 

2 

12 


V. J, WARM 


h7 



T'liis Table coiitaiiis a fund of informatioa wbidi cannot be fully discussed bere. 
Tlie following points bear directly on the subject in hand, 

Bullock Mo. 1 consistently ate a low proportion of roughage. He scores lowest 
marks in ratio of roughage to concentrate. As a conseq_uence, bis ration was con- 
sistently ricbest in protein. It is significant that this animal bas attained the best 
digestion of both protein and carboliydrate.' The opposite case is that of bullocks 
3 and 6. They consumed the liigliest proportion of roughage in ail the tests. They 
have high marks in ratio of roughage to concentrate. Their rations were the lowest 
in protein and their digestion results are the lowest. Mo. 6 evidently did not come 
up to its average in the -second test. It is interesting to note that it was somewhat 
oli its feed at tliis time and its digestion results are lower than, usual. The main 
fliictiiations in the digestion coefficients are thus proved to be related to the pro- 
portiou of rougliage ami concentrate in the food eaten. Hence the average diges- 
tion coefficients represe,ijts the digestion of the average ration with a considerable 
degree of accuriicy . These are in fact the most consistent digestion data the writer 
lias met, ' 

DigestihiliUj of the coarse fodders, 

Ib’om the axanuge resnits of Table the digestibility of the coarse fodders lias 
fieen eaioiilalfd by making appropriate allowance for the digested concentrate., 
lOii- rseis hfiiiliv '‘.eisi ul‘ results are given in Table 111. 
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Table III. 


Compusition and digestibUili/ of spem' grass fodders. 


— 

Dry 

matter 

Organic 

matter 

Crude 

protein 

Ether 

extract 

Carbo- 

hydrates 


" Composition . 

100 

87-78 

6-02 

1-26 

79-9 

Silage . * i 

Digestion coefficients 

5G-96 

01-67 

18-62 

:i9-73 

66-21 


^ Amount digested 

from 100 Jh, dry 
matter. 

S6-96 

opn 

1-2:5 

0-60 

62-10 

1 

'' Composition . 

100 

<)l-98 

2-86 

0-74 

88-:i8 

Mature hay . 

Digeation coefficiouta 

60-72 

64-62 


21-80 

66-79 


Amount digested 

from 100 lb. dry- 
matter. 

50-72 

60-14 

0-19 

0-16 

60-19 


|' Composition . 

100 

90-78 

6-97 

1-86 

82-46 

Young hay 

t Dige.stkm coefficients 

ftO-Ol) 

00-6:5 

42-15 

44-21 

6::{-:54 


[ Amount digested 

from 100 lb. di-y 
matter. 

5G-7 

65- 1 

2-94 

0-60 

61-4 


Tlie first line shows the percentage composition of the fooilstuif, the second 
Hue shows the percentage digestion (digestion coefficient) of ea<h corfHiitnont and 
the third line shows the amount of each constituent digested from iOO IH. of dry 
snhstance. Witli regard to clieinical composition, the protein contmit is tlie most 
significant item. The young hay and silage are similar, the mature, liay is mucli 
poorer. In fibre content young hay is lowest and mature liay highest. Judged 
by chemical composition, the young hay, which is about the best that can ])e pro- 
duced on Hosur land, is f m in rpiality, and the mature hay is poor. Tile digestion 
coefficients of the three foddi d show striking diffin-eiicos. The protein of youm:^ 
hay is digestible to the extcid of 12 per cent. Tliis is not a good value. Th(> sila.ge 
protein is only digested to 1 he extent of 18*6 per cent. This i.s poor. J t appears tiiat 
conversion of ,a fodder into silage reduces the digestibility of protein. Similar 
results liave been obtained in other experiments carried out by tlie Nutrition KSec- 
tion. Mature hay provides no digestible protein. In carbohydra.te digestion silage 
is superior to the other fodders. Young hay comes second and mature hay is 
last. 
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Starch equivalents of Eosur fodders, 

Tlie -writer lias receiitly pointed out certain difficulties experienced in assigning 
correct starch equivalent values to Indian fodders.^ While such doubt exists, 
three methods are being employed to arrive at tentative values and the results of 
all three methods ivill be recorded until further trials make it possible to select the 
most relial'jle figure. Table IV gives a summary of values found for the three typi- 
cal Hosur spear grass products. 

Table IV, 


StcwcJi eqiivmlent vahm of spear grass fodders. 


■ ■ 

iOO-LB. DKY SVB- 
STAStOE 

Stahch 

Equivalent " p 

! 

Fodder 

Digestible 

crude 

protein 

Total 

digestible 

nutrients 

K. 1 

K. 2 A. ; 1 

. I 

Silage ..... 

1'23 

54-4 

1 

32-9 

■ 1 

33-0 40-2 ^ 

Early cut hay .... 

2-94 

55-7 I 

35-3 

35-2 42-2 J 

Mature hay ..... 


50-5 

28-6 

28-2 34-0 ; ' 


K. L— Kellner’s starch equiralent by Fibre method. 

K. 2.= Kellner’s starch eqtiivalenfc by Bangalore Graphin Method. 
A.-- American starch equivalent by Bangalore Graphic Method. 


These digestion experiments have established two important facts : — 

(a) The superiority of the two improved fodders silage and young hay has 

been established and rough quantitative measures for the superiority 
have been procured. 

(b) A very important distinction between the two improved fodders has 

been brought to light. The silage is found to be a good succulent 
fodder which provides easily digestible carbohydrates. It is suitable 
for cows receiving ample concentrate. 'The young hay provides 
moderately easily digestible carbohydrates together with a very 
appreciable amount of protein. The use of this fodder for growing 
stock would greatly economise concentrate. 

^ Hie Journal of the Central Bureau for Animal Husbandry and Dairyimj in IruUa, Vol. HI, 

Part IV, page 119, 
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III* Fesdimg experiments. 

Tlie following statements give in sranmariised form tlie object of each tiiai ami 
the results obtained. 

I. Oonipammi.of speMi' grass silage and. pwfieJia'^^f or calf feeding (1926), 

Two groups of eight calves were selected. All received the same cjoncemtrate 
allowance, vh., S lb. a day per head. One group was fed on spear grass silage, the 
other on spear grass hay. The fodder was provided ad Mb., and each animal’s 
daily consumption was determined. The test lasted, twelve weeks., The following 
average results were obtained. 


Table V, 


(Jompamime feeding test with spear grass silage and hag. 


■ 

Sila.ge grtmp 

Hay group 


i'b. 

lb. 

Average roughage oonsuiaption , . . , . . . 

8>25 

6'S6 

Initial average live. -weight . . , , . . , , 

486 

473 

Final average live weight . . . . . . . 

,612 

47,3 

Live weighr. iiifii’fc.iKe . . . . . . . , 

20 

~1 


It appears from this experiment tliat spear grass silage is eaten with, relish. 
Consumption is good and leads to fair live weight iiicrea.se. The spear grass hay 
is consumed in amounts which barely suffice for maintenaiuie. This is the first, 
feeding experiment with spear grass silage reported on in India. The result is 
satisfactory and of considerable practical significance. It sliould be noted tiiai in 
the above experiment there were very considerahle fluctuations in the conRunijiCou 
01 silage. The a(.'Companying chart illustrates the weekly fluctuations. 
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Table VL 

Flactiuiiions in silage cansumptioi'L 



Weeks, 


It will be noticed that the weekly consumption tends to .rise to a masimnni of 
30 and tlien fall to 24 kilo gram dry matter. Similar fluctuations were obtaiiied in 
some experiments at Karnal ^ and there it was shown that fluctuations in roitglmge 
consiimptioii were associated with a wdde nutritive ratio. The mitritive ratio in 
the Hosrir silage experiment can be calculated from digestion data which will be 
given later. These data show that the nutritive ratio dming the peaks ol nigh 
silage consumption was 9'2, whilst during the periods when consum]jti(jn foil, the 
nutritive ratio narrowed dowm to 7 '9. It seems probable therefore lliai; fluctua- 
tioiis of consumption in this experiment are also attributable to variatious in the 
nutritive ratio. ■ 


Feedijag Esperianeiits at Karnal. Dept. Jgri, India, CMm. A'c*-. Yol. X, No. L 
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FEEDING BXPERIMENTE AT HOSUE, 1926, 1927 AND 192S 
III. Feeding experiments. 

Tlie following statements give in summarized form tiie object of esicli trial iiixl 
tlie results obtained. 

J. Cowtpanson^ of spear grass silage mid prime hag for ealf feeding (1926)^ 

Two groups of eight calves were selected. All received the same concentrate 
allowance, viz., 3 Ib. a day per bead. One group was fed on spear grass silage, i-be 
other on spear grass hay. The fodder was provided ad Mb., and each animahs 
daily consumption was determined. The test lasted twelve weeks. The following 
average results were obtained. 


Table V. 


Compoji'aiim feeding test with spear grass silage and hay. 



■ Silage group 

Hay group 


i-b. 

lb. 

Average roiigJiage eonsumptiun , , „ , . . . j 

8-26 

mm 

Initial average live weight . , , . . . , , 

480 

473 

Final average live weight. , . . . . , , 

m. 

472 

Live weight iucreaKa . , . . , ... 

26 

_1 


It appears from this experiment that spear grass silage is eaten, with .relisli, 
Oousumptioii is good and leads to fair live weight increase. The spear grass hay 
is consumed in amoiintB which barely suffice for maintenance. This is the first 
feeding experiment with spear grass silage reported on in India. Tlie result is 
satisfactory and of considerable practical significance. It should he noted that in 
the above experiment there were very considerable fluctuations iri i-,he consumption 
of silage. Tlie accompany ing chart illustrates the weekly fluctuatio.ns. 
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Table VL 





It will be noticed that the weekly consumption tends to rise to a masimum of 
30 and then fall to 24 kilo gram dry matter. Similar fluctuations were obtained in 
some ex’periments at Karnal ^ and there it 'was shown that fluctuations in roughage 
coiisum])tion were associated with a wide nutritive ratio. The nutritive ratio in. 
the Hosiir silage experiment can be calculated from digestion data whie].i. will be 
given later. These data show that the nutritive ratio during the peaks of high 
silage consumption was 9 ‘' 2 , whilst during the periods when consumption fell, the 
nutritive ratio narrowed down to 7 ’9. It seems probable tdierefore that fliictua- 
tioiis of cousimijjtion in this experiment are also attributable to variations in the 
i:mtriti,ve ratio. 


Feeding Experiiueats at Karaai. Mem. Ihpt. Agri. India, Ch’.ni. &.r, V^ol. X, Nu. 1, 
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2. Spear grass silage as a sole ration for growmg cafMe (1927), 

This esperiraent was inspired by the work at Cambridge which ha,s sliown thah 
youag gi'ass has tlie nutritive value of concentrate. For the experiment at Hosur 
a special silage was prepared from young spear grass. Tlie product was excellent 
in quality. It was relished and consumed heartily by the animals under test. As 
the trial progressed, it became evident that there was something wrong with the 
ration. The animals did not thrive. They failed to increase in live weight and 
their coats developed a marked roughness. After ten weeks” trial the test was 
abandoned. The data obtained in the test are as follows . 

Table VII. 

Feeding test with spear grass silage as the sole food, 

lb. 

Atpi age initiallwe weight . ... . , . . . 444 

Average final live weight , . . . . i . . . 444 

Average consumption of silage (Dry matter) ...... 8‘12 

It is very important to realize why this ration was a failure. The daily food 
consumption was not particularly good, hut such consumption of a well balanced 
ration would have yielded better results. The ration is not well balanced. Diges - 
tion experiments, which will be described later, show that the silage ration alone 
did not provide sufficient digestible protein. Now if such a good silage cannot 
provide sufficient protein, it is clear that an ordinary over-ripe hay cannot be used 
without concentrate. This negative result may he considered highly instructive 
for cattlemen in India. 

3. InJIuence of minerals on the nutritive value of spear grass silage {1927). 

The experiment described above was carried out in duplicate with two groups 
of eleven calves. The group already discussed did not receive minerals. The 
other group received a mineral supplement. During a test extending over ten 
weeks, this supplement showed no beneficial effect. The animals appeared to have 
increased 3 lb. in lis'-e weight, but this slight change in ■weight is not significant. 
They become rough coated and unthrifty in appearance exactly Hire the other 
group. Ill short, a mineral supplement was unable to overcome a decided protein 
deficiency. 

4. Production value of spear grass hay and concentrate {1927). 

The entire failure of the hay ration in 1926 made it desirable to repeat the trial 
under new conditions. In the first place, the hay was improved by removing 80 
per cent, of the spears with a rake while the grass was maturing and it was fed 


63 


F, .T. WAKTH 

chaffed. In the second place, the concentrate was improved in qnaiitv. The 
results obtained during a feeding test of ten weeks were as follows : — 




Table VIII. 


Feeding test with matwre spear grass Jiay and concentrate. 


■ ' lb.. 

Average initial live weiglit . . * . . . , . „ 439-0 

Average linal live weiglit . . . ... . . , 471-5 

Increase in 70 days . . , 32-5 

Average consumption of hay {dry matter) , . . . . ft-97 

Average consumption of concentrate (dry matter) ..... 2-73 


The result is a great improvement on the previous year. It lia.s to be noted, 
however, that hay consumption per 1,000 lb. live weight was not materially better 
during this second trial (the figures are 12*4 in 1926 and 13*1 in 1027). It must 
be admitted that digestion experiments (to be described later) do not shed any 
light on this improvement. The better quality of concentrate can hardly accouiii; 
for the difference. W e are left with two factors. 


(а) removal of spears. 

(б) ohafimg. 

In what way and to what extent these two factors might affect the feeding result 
is not known at present. Very valuable information may be expected from a re- 
newed study of these points. 


B. Influenoe of minerals on the nutritive value of spear grass hay and concentrate {1927')<. 

Experiment 4 was carried out in duplicate. Two lots of well balanced calves 
* were used in the test. They were treated identically in every respect except that 

one lot received minerals and the other lot did not. The group recei\'ing a mineral 
supplement increased 38 lb, per head, whilst the check group (considered above) 
increased 32*6 lb. No emphasis is laid on this difference at present. 


6. Comparison of typical spear grass fodders (1928). 

In this experiment early cut hay, mature hay and silage were compared with 
one another. Each fodder was tested with high and low rates of concentrate ration- 
ing and finally to obtain a check against spear grass products identical tests were 
made with ragi straw. There w'^ere thus four fodders and each was tested with 
two levels of concentrates allowance. Table IX gives a summary of the results 
obtained. 
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Table IX. 


ileHidls of feeding tests, 192S. 


1 

.Foon CONSTTMOraiOlS IN liB. 

UBY MAMEE PBE DAY 

■ Lite wBioHrs is r.is. 

Foodstuffs 

Roughage 

Coneen- 

trate 

Total 

Average 

live 

weight 

Actual 
inci-eafse j 

Iiiereaaa 
per 100 
days 

Low and sil/igr . 

f)’l5 

2-6i 


■ 593 

6M> 

61-3 

Lrnr i'oni'OHtralfl aruJ youuy 
hay. 

Udlh 

3‘63 . 

12-16 

688 

46-0 

i ' 

! 53'6 

Low iuui mature 

Iwy. 

8-99 


11-60 

577 

1 '37-6 

20-8 . 

Low fionceiit.i’atB ami Viir/i 
straw. ' 


2-49 ! 

10-16 

666 

11-6 

13-7 

Higli concrutrate ajid silage 

9-46 

3-45 

12-91 

626 

67-0 

79-8 

High noEoeiitrate and yoisng. 
imy. : 

9-24 

3’41 

12-66 

609 

66-6 

79-3 

High concentrafe and mature 
hay. 

8-Oi 

z-m 

11-35 

673 

26-6 

31-6 

.High eoneeutrate and raffi 
straw. 

■ 7-48 

3-3(5 

30-S-4 

694 i 

i 

i 

39-0 1 

46'4 


Tlie ..following points deserve notice in this Table : — 

{a) Sfem' grass silage. The big.li nutritive value for spear grass silage, in 
1926 is amply confirmed in the two experimentvS of 1928. The growth 
obtained is again far greater than with mature hay. 

(6) Earhi cat hag. The digestion experiments discussed in tlie first ])urt cd' 
this paper indicated the superiority of early cut hay oi'er mature 
hay. The results of the 1928 feeding experiments confi,r'm tlu^ find- 
ings of the earlier digestion trials. The early cut hay has given mucli 
greater groirth than mature hay in duplicate trials. Jt is an aca^epted 
fact that early cutting produces better material, but ('.he extent of 
the benefit to be derived from early cutting is not known. Thf3 real 
value in this experiment lies in the fact that it shows tlie extent of 
the benefit. There is no doubt that the benefit is very great. Whilst 
mature hay yielded increases of 17*5 and 26*5 lb. in two differeni 
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roi |)»'.ruiicni;Nj Uie corresponfling results with early cut hay vve.ri' -lij-o 
;i!kI rHh5 Ih. respectively. These experiments with early c.uf, hoy 
■do'Ao.vvp, Hpvhiui attention. They indicate a line along whic^h the 
nntritioii of cattle in India can be improved. 

(c) (Jorth-panson oj silage and eadg cut hay. These tw'O fodders gave identical 
results in one test, whilst in the other test silage was 15 per cent, 
better than young hay. This is a serious divergence whic]} must lue 
attributed to variations in the individual animals used in the experi- 
ment. Without further tests, the relative merits «f these i.\vo fodders 
cannot ])e gauged and for the present we must Ijc c.ont,(nit to say that 
silage and early cut hay are both good and pi-odwe similar' growtii, 

{d) Comparmni of nmUire hay and mgi straw. This Imjiortant ex]-serh:nc!it 
in wliich it wOiS intended to compare spear gj-nss proflucts wiili a 
stainiarsl fodder has unfortunatelv failed to a large extent. There is 
reason tr^ heliove, that ragi straw would yield ))ettc!’ results un<ler 
more normal conditions. In the Hosur experijiieuis the following 
abnormal circumstances have to be recorded. 

In the first place the ragi straw was fresh. According to local ]»elief, fresh ragi 
straw ivS said to have deleterious eSeots. Whether there is any foimdutron in this 
local belief, it is impossible to say at present, but it is a fact that we had a con- 
siderable amount of scouring amongst the ragi straw animals in the early part of 
the test. In the second place, ragi straw was an entirely new- fodder to thevse animals. 
A lengthy preliminary feeding period was, therefore, allowed for training 
the animals to eat this new food. It appears now that this preliminary feeding 
should have been still longer. This conclusion is based on numerical results which 
are shown in Table 

Table X. ' ' ' 


Shotmng daily ammge roughage consumption during first siw 'weeks and followwg seven 

weeks. 


— 

Silage 

young hay 

Mature hay 

Ragi stra^’ 

flsfe period . 

Lott coiieenlrate groups ."4 

4-29 

4-34 

. 

4-14 

3-29 

L2nd „ . 

4-04 

4-40 

401 

3-64 

rist period . I 

Higli concentrate gi-oupa ,4 

4-64 

4-27 

3-67 

3>10 

[2Bd „ ■. 

4-09 

4-26 

3-63 

3'6? 
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These figures prove conclusively that ragi straw consumption improved mate- 
rially cli-uing the latter part of the test, and there is no doubt that fodder would 
have produced better results if the animals had been given more time to adapt 
themselves to it. The consumption of young hay and mature bay was very con- 
stant. The silage oonsiimj)tiou, however, shows a peculiarity which may be signi- 
ficant. In both tests there is a drop in consumption during the latter part of the 
experiment. Does this mean that yonn.g animals are likely to tire of heavy silage 
rations ? The point deserves notice. It is evident too that, if consumption had 
not fallen oh, the silage would have produced still better growth. 

IV. Digestion experiments with needing test rations. 

Digestibility trials were carried out with all the rations used in tlu* above feed- 
ing experiments. Four to six calves were, used for most of these tesl s and generally 
very concordant results were obtained. It is unnecessary to go iuto figures 
in detail. The main facts established will be made clear from the following sum- 
mary. 


Table XI. 

Digestion coefficients of thefeeMng test rations. 


— 

Organic 

matter 

Protein 

PiTjro 

Total 

oafbo- 

Ixyclrat© 

1926. Hay and concentrate 

‘19-5 

09-4 

o6'6 

47-0 

1927. Hfty and concentrate . . 

S2-3 

63-7 

o2-4 

49-7 

1928. Young hay and concentrate 

57-3 

(iO'O 

64-6 

5S-9 

3928. Mature hay and concentrate 

5M 

61-9 

5S'3 

, 

52-1 

Average 

52-6 

61-4 

06-9 

60-6 

1926. Silage and concentrate 

S4-1 

■ 60>4 

61-2 

i 53-3 

1927. Silage alone 

I 55-5 

34-3* 

69-2 

6S-I 

1928, Silage, and concentrate 

61-5 

. 5 1*3 

70-1 

62-0 

Average 

67-0 

50-8 

66-8 

57-8 

3 928. Faffi straw and concentrate 

60-9 

59-6 

67’7 

S9-7 


* This figure is excluded from the average, because concentrate was not fed in this test. 


The poiute to be noted are : — 

(а) Difference bef/iveen hay and silage. The liay and siiage experiments have 

been grouped separately in order to show the striking differences 
between these two types of fodder. It will be noticed that in all 
parallel tests silage gives higher values for organic matter, fibre and 
total carbohydrates and lower values for protein digestion than the 
corresponding hay ration. Experiments carried out in three conse- 
cutive years -with materials of varying quality have giveii tiie same 
indications every time. It can be safely accepted, therefore, that 
these are characteristic differences between silage ainl hay witli respect 
to their digestibility. The relatively^ higli digestibility' of tiie carbo- 
hydrates of silage has been noted in other experiments ^ carried out 
by the Nutrition Section. This subject is now being studied more 
fulty at Bangalore. 

(б) Difference between young and old hay. The figurc-s relating to young 

hay and mature hay are also noteworthy. Yc^ung hay is clearly 
differentiated by' its high digestion coefficients :or fibre, total carbo- 
hydrates and organic matter. 

{c) Magi straw. The digestion results obtained xvith the ragi straw ration 
must be considered remarkable. In protein digestion it is almost 
equal to the young hay ration of the same year, whilst in carbohy'drate 
digestion it approaches the silage ration of the same yoar. It is 
possible that these excellent digestion results are partly attributable 
to low consumption which favours digestion, but the high values 
cannot be explained away^ on this account. After making every 
allowance, the digestion of the straw ration is surjn'isingiy 
good. 

id) Comparison of hay remits in 1926 and 1927. Plnalh' the hay' results of 
1926 and 1927 require notice. It will be recollected that the 1926 
ration failed to produce growdh, wdiilst the 1927 ration gave fair 
growth. The digestion coefficients offer a partial explanation for this 
difference. 


Determinations of the nitrogen balance during digestion experiments. 

Nitrogen balances were determined during the digestion experiments of 1926 
and 1927. The figures are given in Table XII. 


^ Mem. Dept. Agri. India, Chemical Series, YoX. IS, No. 5. 
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Table XIL 

Determination of the nitroyen balance infeediny test rations. 


Gem. eee day 



Nitrogen 
in ration 

Nitrogen 

digested 

Nitrogen 
in urine 

Nitrogen 

assimilated 

1926, Hay ami coiiowjtrate 

69-4 ■ 

38-6 

40*4 

— i-S 

1926. Silage and concentrate 

■■78-1 

36-4 

30-e 

-I-6-8 

1927. Hay and coneentralf; 

741 

40-2 

.37-1 

+9-1 

1927. Silage alone . . . 

49.0’k 

12-8* 

11-8 

1-0* 


* Corrected for a small amount of ammonia present in the silage. 


It is not likely that these figures obtained during 6 or 7 days represent accurately 
the average daily nitrogen assimilation and flesh formation during the entire feed- 
ing tests to which they refer, but they should be some guide. Actually, they agree 
in a general way with the results of the feeding tests. Comparing the two experi- 
ments with hay and concentrate, for example, it is seen that in 1927 when growth 
was good, there was a satisfactory positive nitrogen balance, w-hilst in 1926 when 
no live w^eight increase \vas obtainetl, assimilation of nitrogen did not occur. The 
nitrogen assimilation found with the ration of silage and concentrate in 1926 also 
corresponds with the fair live w'-eight increase observed in that feeding test. The 
figures for silage alone in 1927 are highly instructive. Here the protein in the 
ration was obviously very low% and its digestibility was also low. The animals 
were only able to absorb small amounts and practically all -was excreted. Tlie 
figures make it very clear W'^hy silage alone cannot function as a productive ration. 

The relation hetiveen food digested and growth. 

The average daily food digested can be calculated from the average daily con- 
sumption by using the digestion coefficients determined above. Figures obtained 
in this way are not strictly comparable, because they refer to animals of different 
live weight. Tlie comparison is somew^hat fairer if all results are computed to 
refer to animals of 1,000 lb. live weight. The accompanying Table gives tbe results 
expressed in this form. 


Amount of food digested, daily. 


— 

Geams food 

DJGESTEIS DAILT FEE l,0O( 
WEIGHT 

I,i;. LITE 

Protem 

. . 

Total 

Jfutriiive 

ratio 

Live weight- 
increase 
per 100 days 

1926. Hay aiid conct'ntrate 

649-4 

3,530 

5-9 . 


1926. Silage and concentrate , . 

634-1 

4,465 

7-S 

31-0 

J 927, Hay and concentrate 

587-1 

4,074 

6-4 

46-4 

1927. Silage alone . . . 

251-8 

4,170 

16-0 


1928, Low concentrate and silage 

495-6 

4,922 

9-6 

61-3 

1928. „ „ „ young hay 

581-0 

5,012 

8-2 

: 53-6 

1928. „ „ „ mature ha, y 

509-5 

4,226 

7-9 

20-8 

1928. „ „ „ ragi straw 

649-8 

4,377 

7-6 

13-7 

1928. High concentrate and silage 

608-0 

5,197 

8-2 

79-8 

1928. „ „ „ young hay 

703-5 

4,812 

6-4 

79-2 

1928, „ „ „ mature hay 

670-7 

4,284 

6-0 

3i-5 

, 1928, „ 9 , Magi straw 

689-6 

4,649 

6-2 

46-4 


The following points may be noted ; — 

{a) Maximum food was digested from the silage and young bay rations of 
1928. These rations gave the highest live weight increase and no 
Other ration approaches these either in food digested or in live weight 
increase. The miniraum food was digested in the ration of hay and 
concentrate of 1926. To this extent the quantity of food digested 
may be a rough measure of the live weight increase, but it fails to 
account for the feeding results in the other experiments. 

(6) A high proportion of protein in the digested food has consistently yielded 
better growth in all -cases where similar fodders are compared. This 
point is well illustrated by the two sets of experiments in 192S. Con- 
versely poor growth is to be expected wdien the protein digested is 
low. In this class comes the extreme ease of the ration of silage 
alone (1927) in w^hich failure to grow is clearly due to a deficiency of 
digestible protein. The Table makes the extent of this deficiency 
clear. On the whole, the results in this Table are unsatisfactory. The 
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figures for food digested do not account for tlie live weigiit increase 
except ill a very rough way. ThivS conclusion, tliougli it is of a nega- 
tive kind, is important because it corroborates the Kanial ^ results 
from wiiicli it was likewise concluded that the total food digested is 
generally not a satisfactory measure for the nutritive value of a ratioiL 

V. Starch equivalent values op feeding test rations. 

From the data given in the first part of this paper, it is possible to calculate 
the starch equivalent values of the rations consumed in ea,eh of the feeding tests. 
Two sets of values, one higher and one lower, will be obtained according as wo use 
American or European standards. But the starch equivalent value of a ration can 
also be estimated from the live weight increase or nutritive effect. The value so 
obtained is derived from a source which is independent of food consumption data. 
It can therefore be used as a check on the values obtained above and should help 
us to decide whether the American or the European values are more nearly xepru- 
sentative for our conditions. These calculations have been carried out for all the 
spear grass feeding tests at Hosiir and the figures obtained are shown in Table XIV. 

Table XIV. 


Starch equivalent values of rations. 


Experiment 

Nutritive 
effect from 
live weights 

Kellners 
starch 
equivalent 
value of 
ration 

Excess of 
Keliner 
value over 
live weight 
value 

■ American 
starch 
equivalent 
value of 
ration 

Excess of 
American 
value over 
live weight 
value 

1926, Hay and coneeiitrate . 

340 

3-29 

—11 

3-62 

+ •22 

Silage and eoneentrate . 

3-95 

4-14 

+ -19 

4*44 

+•49 ■ 

1927. Hav and concentrate . 

4-00 

3-46 

—54 

S-S6 

—14 

Silage alone . . i 

8-25 

2-82 1 

—43 

3-49 

+-24 

1928. Low concentrate and 

4-97 

4-74 

—23 

6-70 

, ,+-73 

young liar. 





Low concentrate and 

4-2i- 

4-09 

■ —12 ■ 

4-68 

+ •37 

mature hay. 






Low concentrate and 

■5*22' 

! 4-86 

—36 

5-75 

+ •53 

silage. 




1 


1928. High concentrate and 

0-5S " 

5-20 

—38 

! ,6-15 ■ ' 

+ •67 

young hay. 






High concontrato and 

; ' i-ds ^ ■ 

4-38 

— Oo 

i 4-86 

i +-42 

mature hay. 





High concentrate and 
silage. 

5’C>9 

559 

—10 

fj-53 

+ -S4 

Average 

4-470 

■4-257 

—213 

4-897 

. +-427 ; 


i Feeding Esperinieats at Karnal. Mem. Depl. Agri. India, Chemical Series, VoL X, No. 1. 


Tiie (widence of tlds Table can be stated very briefly : — 

(tt) In 9 tests out of 10, the European estimate is lower arid, the American 
estimate liigber than the value obtained from live weight data. 

(b) On tlie average the European figures is 5 per cent, too low and ihe 

Aiuericaii figures 10 per cent, too high, 

(c) Tlie regularity of tlie figures adds significance to the diflerciices found. 

It vv^oiild appear from these results that European starch equivalent values can 

be used with some confidence for Indian foodstuffs. The matter is not so simple 
however. Tiic Nutrition (Section has carried out other experiments (to he reported 
Hliortly) on similar lines and it lias lieen found in some cases that the Ihiropean 
values are mucli too low, whilst the higher American values scarcely suffice to 
account for the olisorved nutritive effect. That is to say, the nutritive effect is 
sometimes more and sometimes h'ss tluni the amount anticipated when rations are 
judged on tin; starcli equivalent basis. Tlic.se anomalies may be accounted for in 
two ways, I'litlier the animals tliomselves iiave been more efficient, for unknown 
reasons, in some tests, or the fodd<*r used in. some tests possesses unknown cpialities 
which enhance its value. Which explanation is the true one, it is imjiossible to 
say at jiresent, but there is no doubt that a very important line of enquiry has been 
opened up by these observations. With I'egard to Hosiir it has to be concluded 
that live weight increase has not been satisfactory. To avoid misunderstanding, 
the writer would like to say here that ho has inspected the cattle on the Hosur 
Farm frequently and has been struck by the very excellent condition of the live 
stock generally and by tbe remarkable growth of the young stock. If this has 
been accomplished in spite of a relatively poor fodder, the credit to the manage- 
ment is all the greater. The fact remains, neveithcless, that feeding tests have 
yielded h'ss than the anticipated growth ]iei’ unit of fodder. It cannot be doubted 
that this point deserves further stud}". 

SUMMA-RV. 

1. Digestion experiments and feeding tests have been carried out with the 
following spear grass products:—- 


Prime hay, mature hay, early cut hay and silage. 

2. fSilage as an im, ‘proved fodder. The following comparative tests show that 
silage is eaten more readily and produces more grovdli than mature hay. 




Foon CONSUMPTION IN LB. 

! P13E BAY 

DEY MATTER 



Fodder 

Concentrate 

Live weight 
increase 

Silage . 


9*46 

j , 345 

67-0 

Slatrare hay 


9-01 

I 3>34 

36-5 


FEEDING EXPEEIMENTS AT HOSUR, 1926, 1927 AND 1928 
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Tile Better productive power of silage is due partly to better coiiKSirmption., parih- 
to the liigli digestibility of the silage carbohydrates. 

3, EiU'hj cut hay as an imjyroved fodder. The Hosiir experiments have yieldeti 
the following quantitative figures on the advantage of early cutting. 

I Food GOHaimmoir IX Lie DKY 
:■ PKK DAY . ■ 



Fodder 

Coneeiitratc 

Live' weight 
increase 

Early cut hay . 

■ 9-24 

■ a-41 


Mature hay . . . . 

8-01 

3-34 



The better productive power is due partly to better consumption, partly to the 
high digestibility of the early cut hay. These experiments witli early cut hay 
indicate a lino along which the nutrition of cattle in India, can bo improved. 

L Experiments liave indicated that each of these improved fodders, silage and 
early cut hay, has its own applicability in rationing live stoclc. 'Ldie silage is suit- 
able when abundance of concentrate is fed. The early cut hay is useful 'wluui economy 
in concentrate is desired. 

5. From extensive digestion trials, the nutritive values of the typical spenr grata 
products have been evaluated and tlie starch equivalent values of the feeding tost 
rations determitied. Thus figures have been obtained by which the Hosnr restilts 
can be (3onipared witli other results olitained by the Nutrition Section. Such a 
comparison gives an nnfavoiiralile imjiression of the Ho.siir fodder, s. Importiant 
questions for further invc.stiga,tioii have been opened up by the enquiry. 
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I THE NUTRITIVE VALUES OF SOME TYPICAL INDIAN HAYS. 


By 

F. J. WAETH, M.Sc., 

Fhysiologicai Chemist, hnpenal Department of Agriculture. 

(Received for publication on 2rid Deeenrber 1929.1 


Intboduction. 

The Nutrition Section hats lice]! carrying out digestion trials of varioUvS Indian 
hays during the past four yt-a.rs. The work has been pressed on systematically, 
but it has been of an intermittent cha.ractor. having been done ekiefiy in periods 
Itetween other tests, and uitli any animals that happened to be available at the 
time. The same aniiuals were not always used. Emphasis is laid on these cir- 
cumstances here to make it clear that conditions varied in a random manner, and, 
therefore, the reguladties which have been found are signi cant. The samples 
tested were obtained from two main sources. The Military Grass Farms provided 
the largest number. Some of these samples were the ordinary products of the 
Grass Farms, others were grown at my request. This refers especially to samples 
in which the efl'ect of the stage of maturity was studied. The other chief source 
of samples lias been the Madras Government Cattle Breeding Farm at Hosiir. 
Hosiir has provided samples of the ordinary hay crops, and various samples in 
which the stages of maturity were studied. 

I am greatly indebted to the officers of these two Departments for the valuable 
samples they have provided to this Sectiou. The result of about tlmee years’ 
labour, proceeding in this maimer, is that we possess accurate digestion data for 
thirty typical hay samples. The figures obtained up to date have been collected 
together for publication for two reasons. In the first place, there has been a con- 
stant demand for information and it seemed that suiiicient had been done to 
warrant a pTeliminary account of the Avork. In the second place, the enquiry 
has reached a phase at which it is necessary to sum up and consider further develop- 
ments. The analytical work connected with the experiments ha.s been carried out 
by my staff. I have much pleasure in acknowledging their valuable assistance. 

2. The Experimental mm ,. 


The results obtained are collected together into three tabnlar statements. A 
. very important feature of these tables is that the samples have Ixieii arranged in 
the. Ollier of ])rotein content. This has been done with a purpose which will become 
clear later. The order is not chronological. 
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Taltlc 1 gives tlio clicmical composition of tli.e samjJos. Tlio rliHiinginsliing 
feature iji this table is tlio figure for protein content. It is io range' Iroin u 
maximum of 18-16 ])cr cent, for the richest sampfie down to 1-98 pe'i- c{'nt. for the 
poorest. It is very likely that the species of grass has a. ])redonuna,iit infhu'ncri 
hero. Tliero are, for example, two samples of l)lmh hay and both come very high 
on the list. The three samples of Koliikattai and the Rhodes grass liays are also 
high up in the list. These grasses evidently have a relatively high proti'in content. 
The very best s|)ear grass sample, on the other hand, is nmth . 1 b must ho admiti o( I , 
however, that the figures are not strictly comparable. Fnrthe]' work must aim ab 
proenriug comparable data on this point. Another very ini})urtaiit factor gov^'in- 
iug the protein content is the stage of maturity of the sam[)Ic. Efforts have been 
made to collect some information on this point. The following examples ar(i in- 
structive. 

1. Spear grass hay from Hosur. The early cut sample is 9bh on the list. The, 
same grass cut later is 22nd. 

2. Bolarum hay samples 14, 17, and 30 were collected in the stiine yea.r from 
the same field at regularly advancing stages of matmity. 

3. Koliikattai hay, harvested at three stages, takes up the positions 2. 6, 10 
on !ihe list according as matiuity advances. 

These samples were alt cut with the deliberate piu'poso of di'tei'iuining the elT<'(fe 
of advancing maturity. From the samples of known bistory, it is possible to gain 
some idea of the state of maturity of tbe remainder. A reference to t]u> tabfi' fiann 
this point of view is instructive. Tbe question of maturing, bo we ver, df'serves a 
more systematic study, and actually tbe Nutrition Section oi-ganked sucb an 
enquiry on a co-op<3rative , basis two years ago. Unfortunately tbe sclieme failed, 
but it will be taken up again in a modified form, There is one more iiobeworthy 
regularity to be observed in tins table, namely, tbe associabiun of bigb soluble asb 
with high protein content. 

Table II gives the digestion coefficients which have been determined ])y bu'ding 
bests for each of the fodders in Table I. The most striking point in this table is 
the digest!) fility of protein. It appears that digestibility increase's fairly regubuly 
with the amount of protein present. A similar but less regular and less marked 
increase is apparent in the digestibility of carbohydrates and of organic mati-er. 
These facts will be considered more fully from the grajhic point of view. Tlie 
tabular statement is given to record the numerical data obtained in the digestion 
experiments. 

Table 111 shows the amounts of nutrients provided by each fodder togethi'i’ 
with starch equivalent values. The figures in this table lias'e Irecu olrtaiiu'd by 
calculation from the data of Tables I and 11. It should be, noted Jicrc tliab ca,rbo- 
hydrate digestion and the figure for digestible organic niatfei- in this tabk' have 
been obtained from independent experimental data,. IletKio if eonuis ab-out tliat 
the sum of protein, ether extract and carbohydrates is not exactly equal to fbe 
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liLnin* for digcstihlc. matter. The two sets of figiire.s are a cheek on one 

anot'ijfH-. 

3. Ei'FECT <.>F 3IATUE1NG ON THE NUTRITIVE VALUE OF HAY. 

It was rjotof.l al.'ove that some tests were made \vitli the dehuite object of deter- 
mining tin; eiiVM/t of maturity on the nutritwe value of hay. To cjuplnisize this 
inijjoi'tant suLjeet, tlse data relating to matiuhig are collected together in the accom- 
panying table (the ilgurcis are taken from Table III). 


Showing the effect ff maturing on the nuttilwe value (tf hag. 




Digestible nutui 

KST.s ruK ,100 on. 




nilV M\TTEJl 


Source of bnjf 

Stage 

Crude 

protei)! 

Cavbe- 

hydniies 

Tfital 

Crganicf 

matter 

vSfa rc-h 
I'quivuleul 
Iveiiner 

Hosur spear "ras« hay . 

Early . 

2*9 

51-4 

55*1 

:jS-() 

Ripe . 


no -2 

50*1 

30-7 

r 

Eai'ly 

2-r, 

■IS- 7 

5P(i 

32'‘.) 

Bolanan Ruklj Ian' . .< 

Prime 

1*2 

49-7 

al-7 

33-0 

1 

Ripe . 


47-(t 

4(i-9 

20'0 

r 

.Early 

10-7 

47- r> 

.79*4 

44'2 

lvuhikii.tf;ai liav liosur . .< 

Prime 

5-5 

49-(i 

uo'S 

:59-0 

1 

Ripe . 

3-0 

4'J-3 

02-7 

3f'8 


With advancing inatiirity the amount of digestil)le protein ami the starch ecjuiva- 
lent valiU) decrease steadily in every case. The question of jnaturing is receiving 
attention at Bangalore. 


4. This Graphic representation op raoESTiRTLiTy. 

The graphic representation of digestibility is given in three charts dealing with 
proteiiij earholivdrates aiul ether extract, respectively. 

Chart I. Digestion of -protein. This is the most regular set of ri^sults obtained. 
The grupli briiigs out veiy clearly that there is a close relationshij) between the 
amount of jn'orein present in. the fodder and the amount digx'sted. It uppear.s that 
when it) lb, ai'e present, 12 are digested : when 8 lb. are present 1 are digested. 
W lien the (fiiautity iiresent falls to about 2*5 Ih., the fodder proviiles no dige.stible 
protein. It is (.ilear that this grajili can be used Avith some coiihdimce for estimating 
the digestible, 'n’otein in any hay sample, of w^hichthe chemical eoiuposition is known, 
jdie regularity of the results becomes all the more remarkable when it is recollected 
that tlie experiments from Avhich the results have been derived were not carried 
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oiit at t’JiC same time with, the same animals. As akoad}' indiccited, the digestion 
trials were done at irregular hitervais with the animals that hapjjciUH] to lie a.Vii.ih 
able at the time. It should he mentioned, however, tha,t tUe regular! in- oi proridu 
digestion was observed at an early stage of the work and is I'ele-iTod to m iny Aiiiuud 
.lleportfor 1926-27. Subsequent tests have amply confirmed the curly o))Scrvations. 

OJiart 11. Digeslimi of carbohydmtes. The chart reprrssenting the digtistihilit}" 
ol carbohydrates is by no means so regular and in addition to the minor irregulari- 
ties, there are a few exceptional results which do not (lonform at all to the ge.ncr{il 
trend of the figures. Kevertheless, it is the writer’s opinion tliiit this chart is li.ke]y 
to yield useful information and guidance .for fntm-e work. In cousiilering t]u^ figures 
in this Table, it has to be borne in mind that we are looking at digestion coelKcients 
of different examples of similar herbage. There should be a regularity in the results 
and in a general way there is a regularity. The digestibility of the earbo!iydrat(*s 
decreases as the protein content of the hay decreases, and there is a tendency to 
drop rapidly as the protein content becomes low. TJie grou.]) average figures 
(marked x in graph) make this point more clear. It sLould bo recollect;(>d. too, 
that this is but the skeleton of a scheme. Many minor irregularities would be 
smoothed out by taking account of differences in species. This will be possible 
when more data have been procured. 

The striking exceptions are cpiite as noteworthy as the general regularity. It 
is evident that samples B. M. M', S. & A. are exceptional. The conclusion cannot 
be avoided that there is something wi’ong with these samples, and it should, be 
emphasized that the fault has been revealed by applying the grapliio method. It 
is impovssible to say what has gone wrong with these samples. The injury may 
have occurred at harvest time or during growth. At all events, the graph has 
brought to light the fact that the digestibility of a hay may be d(,?pressed at times 
in an exceptional manner. A very important line of enquiry has Ijeen opened up 
by this observation. Evidently a study should be made of the field conditions 
which tend to produce such depression. Some steps have been taken to deal with 
the question. It has been discussed with Officers of the Government Milita;ry 
-Dairy and Grass Farm departments and they have agreed to provide samples. 
More work is desii-able however. 

Chart 111. Digestion of ether eoiract. This chart shows that there is geiierally 
a regularity in tire digestion of ctlicr extract and the graph can be used to estimate 
tlio digestion of ether extract of any sample of hay, of which the chemical con iposi- 
tioii is known. There are c'xceptions again, as in the case of car])oh}alrat(.^ tligestion, 
and tlu'se exceptions are doubtless significant of peculiar circumstances in the 
raising and curing of the crop. 

5. The pkaotioal applioation op th.e ouaphic! method . 


Accurab) and reliahle digestion data have l)e<!n obtained for 20 samples of typi- 
C!il ha)' from different ]aiTts of the country. When sinjiJar matiulal is .meii with, fhe 
figures given in the tables can be applied with some degreii of confidence. But 
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;:!«■} samples. tlioiisilL tliey represeat maci. work, do not cover all tlie Yuri;itio,ii.s 
iviust ocriii: wlicii we recollect tkat tke species of grass, tlie soil, tiie cJiriiato, tlu^ 
r-;thM2:e e,f maturity and tiie harvesting conditions all influence the value 

of the product. For the kind of rough estimate with which ive must l>o saiifdied 
iV.j; soroe iiiiK; to come, the writer believes that the most iisolul crii.ca'ion ol ihe 
CjUiditv oi; a hay is its protein content.. For this reason all (iata in ihc talmlar 
statemontB have been arranged according to protein content. (Thaui the clioinieal 
coii.ip<'Sitioii, the protein content, a fair estimate can be made of the vakic 
of rm hay oy t.ho following procedure, in which the graphs olitained above are made 
of practically. 

Ejmiiple of iJh’. 'atUkatim of the graphs far estimoMiig the nvtritivc value o f ha ij. 

Cl i veil a. hay with the following ehemica,! composition on the dry basis. ; 


Crotein . . . ■ . . . . . • . . t-5)7 

EtliCr exrraei- . . ... • . . . . . . i-Sa 

Oui’bobirdiaite . . . .... . . . . . 82'40 

Ash ‘ . . • ■ ' 

99*02 

we proceed thus ; — 

1. Frnhin. From Ohai't T tlio amount of protein digested can be read of directly 3*2 

2. i 'nrhohijUnUk.fi. Cinu't, II shows that the digestion coefficient of carbohydrates 

of hay containing 097 per cent, protein is 62 per cent. 02 per cent, of <S“2'4 
is 51 *09 == carbohydrate digested . . ... . . 51*1 

:3. J'Jlhiir e.iimcl. Fj'oin Chart HI amount of ether extract digested can be read 

off direct iy . , •? 

Total organic matter digested . 55 • I 


Tho.so figure, s Imve boon ohtaiiled entmdy b}' i.hc iitti rd’ vha three ehajf.-u ]t> 
ifi trtie. the figures .so obtained may be misleading at tinms, if tij.ej' iiapj-en t(f siiiki', 
a sainpli* in which the digestibility has been approeialtly dejU'osscd tiiroiigb unknown 
cause&. But exacily the same error would be made if extensive caldcs of average 
resiilt,s were employed to estimate the value of an abnormal product. Tbe.ro is 
much to be .said in faru>m- of the system outlined aliove, but it can only lu} aec<‘pted 
as a tentative .“cheine for the present. 

If it i.s desired to obtain the starch equivalent value of the fodder for which 
the digebiilile nutrients were evaluated above, recourse must bo had to the writer’s 
starch, equivalent gT;ip’!i.s, which were published a sliort time ago in tlie Jo'ur- 
ncil of the Central Bureau for Animal Husbandry and Dairying in India, Vol. IJI, 
Fart IV. For coriveuience, these graphs arc reproduced in the pre.sent j-uqier 
(Chart fV). in the author’s graphic method, starcli equivalent value, s are CHtiiunt- 
ed fi'oni, th.e total digestible nutrients or total organic matter dige.stcal. Jn tlie 
ex:impie above, it wa,s found tliat the hay yielded 55-1 lb. digestible organic inal.tn- 
pei: luO lb. dry substance. Tlie starch equivalent grapli (Chart .IV) .slnnvs th.‘i,t a 
fodder yielding 55*1 lb. digi'stible organic matter provides :U1 starcli eqnivalonts 
Iv per lUO lb. dry substance. 
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SUMMAEY. 

1. Full data for the composition and digestibility of 30 typical b^di, in 

have been procured. ^ -j , 

2. The protein content of the samples ranges between 18‘16 per coin- am i ,n> 
per cent. These wide variations are attributable mainly to (a) chariu. ■(■li.y K.s o- 
species and {&) to the stage of maturity. More detailed infoima^^^^^^ I'^-'^ded on 

both these points. . r -f i 'r+v- * 

3. Graphic representation of the data has revealed the fact that^thc igesi.ni y 

of all ingredients is related to the protein content of the fodder. ^ This fact can be 
utilized for estimating roughly the nutritive value of any fodder of which the chemi- 
cal composition is known. Oraphs are juovided for this purpose. ^ 

4. The grajihic method has shown that the digestibility of cnrboliU la ( s is .in 
times seriously depressed through unknown causes. This is an im poi an .• 
observation which deserves further study. 
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Table II. 


Avemge digestibility of Indian liays. 


Serial 

m. 

FcediBg stuffs 

Crude 

protein 

Ether 

e.vfcract 

Total 

carbo- 

hydrates 

Total 

organic 

matter 

Soluble 

ash 

No. of 
teats 

1 

Dhub bay, Bangalore, ISTo. I 

83-95 

66-04 

70-48 

77-57 

79-92 

1 

2 

Kolukattai hay (young), Hosur . 

66-14 

27-70 

68-65 

"67-98 

82-75 

2 

3 

Ebodes grass bay, .Bangalore 

72-44 

52-57 

06-2.3 

67-19 

82-8 

1 

4- 

.Dbiib bay, Bangalore, ITo. 11 , , 

63-81 

52-30 

60-04 

52-19 

61-0 

1 

5 

Ebodcs grass hay, Bangalore 

60-52 

20-70 

02-49 

62-58 


2 

(i 

Kolukui till bay (prime), Hn.sur . 

54-SG 

41-49 

03-59 

62-63 

75-70 

2 

7 

Jlbodc.s gui s b.iy (yoiiug), Hosur 

40-51 

82-51 

05-74 

04-23 

57-47 

2 

8 

El odea grass bay (jiriino), Hosur 

54-80 

38-85 

00-00 

05-31 

00-50 

2 

S) 

Spear gri^'=.^ bay fyoung), Hosur 

42-16 

44-21 

02-34 

00-63 

47-6 

0 

10 

Jvolukiittal hay (ripe), Hosur 

40-58 

22-98 

59-58 

58-60 

58-25 

2 

11 

Ebodf.', grass bay (ripe), Hosur . 

48-85 

38-30 

58-64 

69-11 

26-03 

2 

12 

Seguri bay ... 

51-77 

48-91 

47-60 

47-80 

32-3 

,3 

IS 

Oat hay, Lahore . , . . 

45-97 

71-87 

70-33 

09-20 

74-67 

2 

14 

Bolfinim bay (young) 

■ -ii-ai 

27-72 

60-70 

59-27 

54-2 

8 

15 

Anjan hay, Meerut .... 

35-02 

30-03 

58-74 

57-46 

60-32 

2 

le 

Abiaednagar bay . . . 

31-16 

40-16 

50-51 

50-99 

30-57 

2 

17 

BoliU'iim bay (prime) . 

31-71 

37-53 

60-01 

59-03 

58»60 

3 

18 

Meenit Farm liay, 1927, Over niaturecl 

S-S6 

53-9,3 

50-55 1 

43-{& 

52-24 

S 

19 

Meerut Farm lias', 1927, over nialurfd 

8-06 

85-27 1 

51-10 

49-{i4 

89-97 

3 

20 

Meerut Farm i'.ay, 1 026, over matured ! 

16-40 ! 

71-18 

46-93 

48-00 

58-()l i 

a 

21 

Meerut f am 1 ay, 1927, Over matured 

8-CO 

23-35 

52,-25 

50-47 

60-5 

s 

22 

Spear grass liay (mature), Hosur 


21-80 

56-79 

54-6S 

86-4 

6 

2S 

Meerut Farm bay, 1928, Over matured 

10-06 

66-24 

52-75 

51-19 

6S-S5 

8 

24 

Eubh bay (ripe), Bolariuu . 

14-33 

47-72 

54-58 

53-42 

61-1 ■ 

2 

25 

Talegaoii bay , . . . 

1-9 

40-16 

40-45 

39-37 

5-2 

2 

26 

Sleerut F’arm bay, 1920, O ver u atured 

S-16 


45-49 

■43-35 

60-7 

2 

, 27 

Meerut Farm bay, 1926, Over matured 

8-16 


45-49 

48-35 

60-7 

2 

28 

Spear grass bay (mature), .Hosur 


30-21 

' 67-84 

56-09 

50-14 

‘ 3 

' 29 

E,ukh hay (prime), Bolarum 


77-32 

60-26 

49-86 

66-91 

2 

S0 

Eolannn bay (ripe) . . « 


32-66 

i 53-53 

! 

[ 51-80 

1 40-7,3 

3 


84 NUTKITIVB VALUES OE SOMEJ TYPICAL INMAN' HAYS 

Table III. 

Digestible nutrients in 100 lb. dry matter of Indian hays. 


Sarial 

No. 

I’ceding stuffs 



Total 

carbo- 

hydrates 

Total 

organic 

matter 


STAKOH EQTnVAMJN'J 

protein 

extract 

' ash 

American 

.'ffuropcius 

1 

Dliiib hay, Bangalore, No. T . 

1.5-26 

1-31 , 

46-69 

63-25 

6-87 

57-0 

50-0 

2 

Kolnlf attai liay < young), Hosur 

10-07 

0-32 

47-55 

59-35 

7-37 

51-1 

44-2 

3 

Bhodes grass hay, Bangalore . 

iO-07 

1-45 

46-90 

58-4-2 

7-33 

•i9-6 

42-8 

4 

Dhtib hay, Bangalore, No, 11 . 

7-24 

1-03 

35-50 

44-48 

3-29 

24-6 

22-0 

5 

Khotlffi grass hay. Bangalore . 

7-16 

0-.5.5 

-17-84 

55-55 

5-40 

45-3 

38-6 

(5 

Koluhattai Jury ('prime), Hosur 

5-49 

0-46 

49-5S 

55-80 

5-30 

46-6 

3!>*0 

7 

Bhodes grass haj’ (young), Hosnr . 

5-13 

0-49 

.52-20 

,58-07 

,3-10 

40-2 

42«3 

8 

Rhodes grass hay (iirinie), Hosiir , 

3- 72. 

0-3!) 

03-17 : 

57-.5.5 

2-7.3 

48-4 

; 41-6 

9 

Spear grass hay (young), Hosur 

2-94 

0-60 

51-40 

5.5-10 

2-05 

44-5 

liS-O 

10 

IColukattai hay (ripe), Hosur . 

2-97 

0-10 

49-46 

52-86 

3-09 

40-7 

34-8 

11 

Rhodes grass hay (ripe), Hasur 

3-11 

0-45 

49-01 

53-74 

1-04 

42-0 

36-0 

12 

Segurl ?iay . . 

3-02 

0-49 

39-63 

43-11 

0-61 

, 21-5 

20-6 

13 

Oftt hay, Lahorn . . . . 

2-5.8 

1-72 

60-73 

64-03 

3-29 

■ 68*0 

,51-0 

U 

Bolaruin hay ( 5 'onng) . 

2-49 

0-31 

48-74 ■ 

51-58 

2-33 

38-5' 

.32-9 

15 

Anjan hay, Metmit. 

1-65 

0-24 

49-66 

51-.5.5 

8-40 

38-5 

■ 32-9 

16 , 

Ahmednagiir hay . . . 

1-20 

0-45 

89-83 

42-67 

0-84 ' 

20-7 

19-9 

017 

Bokrom hay (prime) . . . 

1-21 

0-39 

49-86 

51-66 

2-0.5 

38-7 

83-0 

IS 

lleenit Farm hay of 1927, Over 
matured. 

0-26 

0-2(5 

44-40 

44-98 

1-12 

2.5-4 

23-1 

20 

areerot Farm hay of 1926, Over 
matured. 

0-49 

l-.5t5 

.3.5-75 

37-80 

2-17 

0-4 

12-8 

20 

Meerut Farm hay of 192?, Over 
matured. 

0-25 

0-17 

44-37 , 

4.5-20 : 

1-57 

26-1 

23-6 

21 

Spear grass hay (mature), Hosur . 

—1-90 

0-16 

50-10 

50-14 

1-17 

3S-8 

30-7 

22 

Sleorut Farm liay of 1928, Over 
! matiu’fcd. i 

0-54 

0-00 

46-44 

-15-01 

1-59 

■ 25-6 

2.3-3 

23 

Eiilili hay (ripe), Bnlanim . , i 

0-39 

0-46 

45-57 , 

46-42 

1-40 

1 ,28-6 

2.5-3 

24 

Talegaou hay . . . . 1 

' ' 

0-05 

0-39 

32-60 

33-18 

0-12 

(—1-5) 

0-1 

2:> 

Ifeevtd, Farm liay (late harvest), 
1926. ■ • 

0-08 


33-39 

35-07 

! 1-82 

5-1 

10-3 

20 

MffTufc Faria hay (late harvest), 
192G. 

i 0-08 

i ■ ■ 

35-.35 

35-43 ; 

1-94 

3-0 

S-3 

27 

Spoar grass hay (mature), Hosur . 

--0-04 

0-.32 

.50-86 

•50-08 

1-65 

3,5"S 

30-7 

28 

Kukh hay (prime), Bolarum . , 


1-62 

30-58 

41-20 

1-94 

17-3 

17-7 

29 

Boiarum liay (tipe) . 

1 — rt^6 

0-2S 

46-96 

46-01 

0-73 

27-0 

26-0 


MGIPO~M~ni.H 53 - 20 - 8 - 30 - 500 . 
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M. L. Patel, M.Ag., and G. B, Patel, B.Ag. Price, Re. 1-6 or 2s. 3d. 
Vol, XVI, No. II. RtTidie.g in Indian Ohfflie.g : I. The Types of Capsicum, by F. J. P. Shaw, 
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M.A. Price, Ab. 4 or 6d. 

Vol. XVII, No. 11. Studies in the Wilt Disease of Cotton in the Bombay Karnatak, Series 1, 
by G. S. Khleabwi, M.Ag., and B. B. Mundktje, m.a. ; with an Intro- 
duetion by Haeold H. i).sc. Price, As. 9 or Is. 

Vol. XVII, No. III. Cotton Wilt, by Jehangie Faedtoji Dastitb, M.S 0 . Price Re. 1-4 or 28. .3d. 
Vol. XVII, No. IV. Studies in Inheritance in Cotton, by Mohammad Afzal, b.so. (Agri.), 

A. T.C.T.A. Price, As. 14 or Is, 6d. 

Vol. XVIII, No. I. The Calculation of Linkage Values. A Comparison of Various Methods, by 
Mahetjb Alum, m.sc. Price, Re. 1 or Is. 9d. 

Vol. XY TTT , No. II. Root Development of Rice under different conditions of Growth, by R. L. 

Sethi, m.sc., b.sc., m.e.a.s. Price, As. 14 or Is. (id. 

Vol. XVIII, No. HI. Studies in Indian Oil Seeds, No. 3, Carthamus tmetorins Linn. The 
Types of Safflower, by Khah Sahxb Aedue Rahman Khan. Price, As. 4 
or 5d. 

Vol. XVIII, No. IV. Studies in Gujarat Tobacco and their Improvement, by V. M. Majmudae, 

B. Ag. Price, Aa 12 or J s. 3d, 

Vol. XVIII, No. V. Studies in Indian Oilseeds, No. 4. The types of Sesamum iniieum, by Kashi 
Ram. Price, Re. 1-8 or 2s. 6d. 

Vol. XVIII. No. ’ VI. Classification and Study of the Characters of the cultivated Rices in tho 
United Provinces, by R. L. Sethi, M.se., B.so., m.e.a.s., and .Baijanti 
pE-iSAD Saxena, L.Ag. Price Re. 1-10 or 2s. Cd. 
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Chemical Series 

Feeding Experiments at Karnal, by F. J. Waeth, m.sc., and F. J. Gossip. 
Price, As. 8 or lOd. 

Soils of the Punjab, by De. P. E. Lander, m.a., d.sc., a.i.o., De. Eam.ii 
Nakain, d.sc., and Mehta Mob:and Lal, b.sc., L.Ag. Price, Bs. 3-14 
or 6s. 9d. 
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its Detection, by Phanibhusan Sanxal, m.sc. Price, As. 6 or 6d. 

The Application of the Antimony Electrode to the Determination of the 
pH value and the Lime Requirement of Soils, by W. H. Haeeison, 
D.sc., and P, N. Veidhachalam, b.a. Price, As. S or 6d. 

Some Digestibility Trials on Indian Feeding Stuffs, IV. Some Paniab Havs, 
by P. E, Landee, M.A., D.SC., A.I.C., and Pandit L^ l Chand Dhaemant, 
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Some Digestibility Trials on Indian Feeding Stuffs, V. Feeding Trials on 
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Puri, m.sc., Ph.D., a,i.o. Price, As. 3 or 6d. 
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No. 181. Life History, Bionomics and Control of Mylloeerus maculosus, Desb. (Cureulionidss ; 
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No. 388. Design for Farm Buildings, by G. S. Henbefsoh, k.d.a., K.d.d. IMce, As. 6 or Sd. 
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Agricultmal Implements and Machinery at Pusa, Part IV ; Power Tmplemeiits and Ma- 
chinery, by Q. S. Hekbersok, h.i).a., n.b.b., and Arjtjh Sisroii, i..Ag. Price, Aa. 
12 or Is. $d. -n. 

Some Diseases of Crops in the Andaman Islands, by M, Mitea, m.sc., 1M..S. Price, As. 4 
or 6d. 

The Cotton White-fly {Bemisia gossypiperda, n. sp.), by Rai Bahadur C. S. Mkiba, b.a.j 
and Kabaai SiKGH lliMBA, M.SC. Price, As. 10 or Is. 

A Contribution to our knowledge of South Indian Cocoid®, by T, V. Ramakeishsta Ayyab, 
B.A., I'h.B., E.Z.S. Price, Rs. 2-12 or 6a. 

The Production of Oranges in Spain, by W. Robeetson Bbowk, Price, As. 6 or Sdf. 
The Problem of Rinderpest in India, by J. T, Ebwabbs, d.sc., m.e.c.v.s. Prioe, Re. 1-4 
or 2s. 3d. 

List of Publications on Indian Entomology, 1928 (compiled by the Imperial Entomo- 
logist, Pusa). Price, As, 7 or 9<?. 

Sorosporium Paspali MeAlp, on Paspatum scrobicuhzimn L., Kodra Smut, by Abdits 
Sattae, B.SC. (Ag.). Price, As. 8 or lOd. 

List of Publications on the Botany of Indian Crops (compiled by F. J. F. Shaw, b.so.^ 

A. E.c.s., y.E.s., and Eakhal Das Bosp, b.sc., f.l.s,). Prioe, Bs. 3-8 or 6fl. 

The Description of a New Fluke found in the House Crow {Comm spUtiims), by V. R„ 
Phabke, G.B.V.O., and Amae Nai’h Gblati, m.sc. Price, A-s. 3 or 4(1. 

A Method of increasing the Manurial Value of Bone Phosphate, by N. D. Vyas, L.Ag, 
Price, As. 8 or lOd. 

The Grain-shedding Character in Bice Plants and its Importance, by 8. Q. BhaleeaQi 

B. Ag. (I?i Urn press.) 

A New" Method of Estimating Total Carbonates in Soils, by Amae Nath Peet, m.sc., rh.B., 
A.i.c. Price, As. 3 or M. 


Boohs 

Wheat in India, by Albert How'aeb, m.a., a.e.o,s., p.l.s., and Gabeielle L. C, Howarb, m.a. 
Price, Es. 6 or 7.S. 6d. 

A Description of the Imperial Bacteriological Laboratory, Mektesar ; Its Work and Products, by 
Major J. D. E. Holmes, m.a., b.sc,, m,e.c.v.s. Price, As, 8 or 9(1. Hindi and Urdu 
Editions, P.s. 2-4 each, 

Agrioulture in India, by' James Mackeesta, m.a., i.o.s. Price, As. 4 or 5d. 

Some Iliseases of Cattle in India. A Handbook for Stocksowmers. (Revised in 1927.) Price, Re. 1-4 
or 2s. 

PiCport on the Diseases of Silkworms in Indio, by A. Pwkqle Jamesoh, b.sc. Price, .Es. 3. 
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THE NUTRITIVE VALUE OP GRAM HUSK. 


BY 
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(Received for publication on 2iid December 1929.) 

Object of Experiment. 

The object of the experiment was to study the function and nutritive value of 
gram husk. In India various husks are used as cattle food. Gram liusk is one 
of tlie commonest and most widely used. As there are no data avaiialile regarding 
the nutritive value of these husks, a study of the subject seemed to be of practical 
importance* 

Procedure. 

Three groups of calves were selected for the test. Group A received ground' 
nut cake as the sole concentrate. Group B received the same allowance of cake 
to which wa,s added an equal weight of wheat bran. Group 0 received the same 
ration as group B, except that gram husk replaced the wheat bran. Previous 
experiments carried out by the Nutrition Section having shown that increments 
of concentrate should not be made simply proportionate to live weight, the following 
schedule of concentrate rationing was adopted. 




LivtAveight lb. 

Ration of gronnd-mit cako, grams. s 



200 

260 



300 

341 


400 

409 

; " 


500 

455 

.■ 4' 

hVxlder w 
formiu Avas j 

as yirovided in the form of fresh Guinea grass and diy ragi straw. The 
fed at the rate of 1-5 kilos per 100 lb. live weight, the latter was fed 
( 85 ) 
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(d. lib, blit tile dail}^ consumption by each animal was detcimi iiu'-d, From a larjiin- 
mmiher of ani,iiials originally cbosen, many had to be eliminated, "2! being (inally 
retained. The preliminaiy feeding consisted of an initial 'jaaiod during v\irieb all 
received the same food, and a transition period during wlii(‘it tin; aniinais waua; 
brought on to the test rations. The feeding test lasted 12 vveehs. at the mtd ol 
which a digestion trial was conducted with 3 selected aninials Jroin erudi grmi]). 

The senior author wishes to acimowledge gratefully the help given by his stall 
ill carrying out all the analyses connected with this enquiry. 

2. Food Consumption. 

(a) Consumption of Guinea grass. 

The fresh Guinea grass was fed in proportion to live weight n,t the rate- of 1-5 
kilos per 100 lb. live weight. The fodder provided was generally (a>mplet{^]y <‘a,ten 
up. However, the moisture content of the material underwent a juniodit'a] (diange, 
inoreasmg steadily for a time and then decreasing again. In I’-onstajiience, the 
amount of dry matter actually fed varied. The weekly group averag(*- coimuniption. 
of Guinea grass dry matter is shown in chart 1. The marked sag in the graph .s 
indicates the period during which the dry matter content of the herbage bill. It 
will be noticed that group A ate distinctly less Guinea grass than groups B and 0. 
This is due to the fact that Gtiinea grass was fed in proportion to live weight ; and 
as this group made less live weight increase, it received slightly less fodder. 

(6) Gonsumptmi of ragi sfmiv. 

Magi stravr was fed ad. lib to all animals and they were encouraged to eat as much 
as possible. Chart 11 represents ragi straw consumption. A steady increase in 
ragi straw consumption is noticeable throughout the experiment. There are two 
factors to account for this increase. In the first place, the animals were Irning 
trained steadily to eat more. In the second place, the decreased consumption 
of Guinea grass (explained above) gave more room for ragi straw consumption. 
This graph is interesting in showing clearly that group A consumed more ragi 
straw than groups B and C. This fact will be referred to again. 

(c) Total roughage, consumption. 

Chart III representing total roughage consumption is instructive in showing 
that although ragi straw consumption increased, when Guinea- grass decreased. 
The increase in the former was not sufficient to compensate for tire dec,rease in the 
latter. There is still a sag in the consumption curve though it is less Tuatk-ed liere 
than in the Guinea gi'ass curve. Towards the end of the test, la rgf'.r amounts of 
both fodders were eaten, This chart showing total roughage cons luription will bo 
referred to again when live weight increase is considered, 




88 


JsrUTBmVE VALUE OF GBAM HtJSB 


(d) QonmnlratG eonsivmflion. 

CoLiceiitiatc was fed strictly according to tlic sclicdulc and Wiis coniplot^tly con- 
sumed. 

(e) Average food consumption. 

Tiic group average food consumption in kilos dry matter for the entire feeding 
period of 84 days is given in Table I. 


Table I. 

Group average food consumption in Jdlos dry 


Group 

ToTAIi COKSTJMP'riON IN KILOS LEY MATOBR 

Total 

"I’otal 

roughagti 

Magi 

straw 

Guinea 

grass 

Ground- 
nut cake 

Wheat 

bran 

Gi’iun 

lius.k 


A , . 

139-8 

94-2 . 

57-6 



291-6 

234-0 

1 

B . 

126-7 

106-S 

60-2 

67-6 


360-3 

232-4 ' 


0 . 

126-6 ! 

103-6 

69-3 


69-6 

347-9 

229*1 


A. 

149-4 

100-6 

61-6 



311-fi 

1 260-0 


B. 

121-7 

101-6 

67-8 

66-3 


336-4 

1 223-3 

feg 

C . 

123-3 

101-6 ! 

68-2 


68-6 

841'6 

224-0 


It appears from these figures that the actual consumption of tofial roughage 
is about the same for the 3 groups. Hence the total food consumption is less for 
group A than for groups B and 0 simply by the amount of extra conccntrat)o given 
to the 2 latter groups. In this type of ration the addition of bran or gram husk 
induces so much additional food consumption without afieoting the consumption 
of roughage. The feeding results show clearly that gram husk functions in this 
respect exactly like wheat bran, weight for weight. This is an important obser- 
vation. The results may be looked at in another way. The groups were equal 
in live weight at the commencement, but groups B and C increased more, rapidly, 
hence the food consumed by these groups really refers to animals of slightly gi-eutm- 
average live weight. From the actual food consumption, of eae,h grou]), the (iou- 
sumption of an animal having the average live weight of tiic herd can b(‘. cxuuputcd 
The computed values are shown in the lower half of the abo\M 5 table. 

The latter figures indicate that the animals of grou]) A consumed r(4ativcj)' more 
roughage than groups B and G. Tliis was an evident attemid. by tiic. uuimals of 
group A to make up fox the deficiency of concentrate by increasing their roughage 
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coiisimiptioji. The figures show that in tlie tj^e of ration tested a shoitap of 
Gonceiitrate could not be effectively balanced by increased roughage consumption. 

(f) Food conswmftion 'pef IflOO lb. live iveigliL 
The consumption per 1,000 lb. live weight works out to 21*5, 23-2 and 23*5 lb. 
dry matter for groups A, B, C. Judged by other tests carried out at Bangalore, 
the consumption, by groups B and C may be considered moderately satisfactory. 
For group A, the consumption is somewhat iov/. 

S. Live Weight Data. 

{a) Live weight data of individiicils. 

Table II shows the total food consumption and total live weight increaBe of ea<jh 
individual. 

Table II. 


Relation between toted food' eonsuwpUon and hve weight mcrease. 


Geoitf a 

Oeoup 35 

C 

Jeottp 0 

Average 

live 

woig’ht 

Tofial 

food 

Live 

woiglit 

iiicvoaso 

Average 

live 

weigM 

Total 

food 

live 

woiglit 

increase 

Average 

live 

weight 

Total 

food 

Live 

weight 

increase 

31S'8 

298-6 

68-5 

406-7 

395-7 

SO-0 

386-9 

386-6 

86-5 

333-8 

311-7 ^ 

02-6 

376-0 

348- S 

70-6 

369-1 

336-6 

66-8 

307-4 

200-0 

60-8 

316-8 

297-2 

74-9 

292-6 

324-6 

79-8 

230-7 

190-7 

17-2 

272-0 

258-6 

62-0 

276-6 

266-2 

64-2 

438-0 

318-2 

36-9 

468-4 

383-1 

64-3 

463-0 

380-0 

73-2 

474-2 

336-1 

34-2 

510-4 

389-4 

77-1 

606-4 

307-3 

92-0 

391-6 

290-1 

18-2 

422-6 

378-1 

63-9 

430-6 

336? 

68-5 

366-6 

291-6 

38-3 

895-6 

360-2 

70-5 

387-0 

847-9 

74-1 


The details in this Table are given to show the kind of evidence we have for 
preparing group average results. The food conBumption varies natuialy wit i t^ e 
size of tlie animal, but even when full allowance is made for size, it appears that the 
relationship between food consumption and live weight hicrease is not close. In- 
dividual efficiency has had a considerable effect in pKiducing live weight mcrease. 
This possibility was given due weight when the animals were originally grouped 
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{(> 1 - 1;1h: tost. In every ease three well balanced animals were taken and one put 
into eaol] jp’oup. The effect of this initial selection can be clearly seen in the above 
table. J<'or example, the fifth animal in each group was intended to form a good 
trio for comparison. These are the smallest animals in their respective groups, 
they ate least, and they made least growth in their groups. The seventh animals 
were matclied similarly. They were larger bnt all somewhat unthrifty. These three 
animals also gave very low results for their respective groups, as the Table above 
makes clear. Thus we feel that though there are evident individual difterences 
in eificiiinov, the differences have been successfully distributed between the three 
gronps. The efficiency of the animals having been balanced, the group average 
results can be accepted as a fair measure of the relative efiiciencies of the rations. 

V 

(6) Group tw&rape live weight data. 

The group average live weight changes are shown graphically in clia:i’t 4. .hJach 
point on these graphs represents the average of seven consecutive days’ weighings 
of 7 animals. The chart brings out two points clearly, llirstly groups B mid C 
behaved identically. From start to finish, they increased at an equal rate. tSecond- 
ly, group A increased quite regiilaiiy but at a distinctly slower rate. 

One peculiarity in the rate of live weight increase is wortl] a. remark. It will, 
be noticed that the slopes of the graphs are practically constant exc-ept for a short 
space about one-third of the way through the experiment. At this stage live weight 
increase was slightly retarded in all the groups. Areferen.ee to chart 3 (total roughage 
consumption) shows that this ret.ardation in growth occurred when roughage con- 
sumption fell off. 

We can conclude from these graphs that the nutritive effect of rations B and C 
was, as nearly as wc can judge, identical, while ration A was distinctly less effective. 

The actual live weight increases for the 3 groups A, B and 0 during the test were 
38*3, 70'5 a.ncl 74* 1 lb. respectively. That is to say, additions of wlieat bran a.nd 
gram husk have produced almost identical increments above the basal ration and 
the increment has been considerable. The data relating to live weight may In*, 
stated in the following condensed form. 


Table III. 

Summary of live weight data. 


Group 

Average live weight Ih. 

Average daily increase lb. 

. A . . . . ■. . . 

366-6 

.0-46 

B . . ■ . ■ i,; . 

396-6 

0-84 

c . , ■ ■. ' 

387-0 

1 ; 

0-88 
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To sum up, tb.e evidence of the feeding test, it has been found that “ in rations 
such as were used, gram husk improves the ration much in the same way as wheat 
b]'an and approxinijrtely to the same extent. Both substances improve the con- 
sistency and palatability of the ration and both cause an approximately equal 
increase in food consumption and in live weight’*. 

4. Digestion experiments. 

(a) Digestibility of gram hush 

The only available information on the digestibility of gram husk is from un- 
published figures obtained by the Nutrition Section at Bangalore. These are given 
ill the accompanying Table together with corresponding figures for wheat bran. 

Table IV. 


Constituents of gram husk and loheat bran per 100 lb. dry matter. 



1 In pood I 

Amount dioksted j 



Protein 

Ether 

extract 

Carbo- 

hydrates 

Protein 

Ether 

extract 

Carbo- 
hydrates ' 

stai-eh 

equivalent'*' 

Gram husk 

6-96 

•77 

85-35 

-00 

•64 

69-43 , 

42-4* 

Wheat bran . 

16-90 

3-86 

73-37 

12-40 

1 

2-62 

47-64 

60-6* 


'“Grapkic values. 


Two points in this Table require special notice. Firstly, the digestion experi- 
ments carried out by the Nutrition Section show that gram husk has an appreciable 
starch equivalent value. The value appears to be distinctly lower than that of 
wheat bran, while the feeding test indicated approximately equal values. How'ever, 
in. the feeding test wheat bran and gram Imsk formed relatively small proportions 
of the tota,l ra,tio.ii and the figures for live weight increa.se give but an approximate 
measure of the value of the total ration. From such data it is not possible to gauge 
accurately the value of a fraction of the ration. The feedmg test, therefore, corro- 
borates, as well as could be expected, the value found by digestion experiments. 
Sec' 0 .ndiy, it has to be noted tlia,t gram lm.sk provides no dige,stible protein 'whatever. 
I,n this re.speGt it difiers widely from wheat bran. Therefore where there is any 
que.3tio.ii of adequacy of protein or efficiency of protein in a ration, these two food.s 
are not comparable. Wheat bran would p)robably be very helpful, while gram 
husk would be useless. To avoid mi.sunderstandings, it is necessary to lay emphasis 
on tliis importa.iat distinction. Furthermore, it is not sufficient to say that gram 
husk provi(.}es no digestible protein. In the digestion experiment quoted above, 
it was found that gram husk causes a small but distinct depression m the digestion 
of protein from mixed rations. 
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{h) BigGstihility of the 

At tlio end of the feecIinR test three animals from each group were retameil on their 
respolto rations for a further period of two weeks. Durmg tins tone a digestio 
triid of the feeding teat mixed ration was carried out. As the ‘ ^ 

ration helmved absolutely alike, it is unnecessary to ^ve 

each. The average consumption and average digestion attained by t „ 
are given in tlie accompanying Table. 


Table V. 

Nutrients digested from feeding test rations {gra ms per day). 




Dry 

Crude 

Ether 

Nitrogen 

Fibre 

Total 

carbo- 

Nul-ritixo 

ratio 



matter 

protein 

extract 

extract 


liydratca 


Total mitrients 

3937-6 

614-89 

116-14 

1644-3 

1248-6 

2802-8 



in food. 









Nutrionte cligos- 
tod. 

2137-4 

360-63 

82-04 

891-3 

060-4 

1660-7 

i 4*8 

1 

Computed digea- 


361-06 

79-12 

904-1 

762-3 

1666-4 

J 

CO 

tion. 









Difl’ereiice bo- 


—0-42 

+2-92 

—12-8 j 

—92-9 

—106-7 



tween oompu- 1 
ted and actual. i 






! - 



Total nutrients 

4901-7 

671-69 

164-67 

2160-2 

1426-1 

3675-3 



in food. 









Nutrients diges- 

2790-7 

484-21 

111-31 

1245-4 

766-3 

2011-7 

1 

r 

ted. 







1 

Computed diges- 


488-66 

106-13 

1276-9 

843-2 

2120-1 

J 

o 

tion. 









Difference be- 


—4-46 

4-8-18 

—31-5 

—76-9 

—108-4 



tween compu- 
ted and actual. 









Total nutrients 

4774-9 

684-82 

131-86 

1951-3 

1631 1 

3682-4 



in food. 









Nutrients diges- 

2609-3 

374-37 

91-68 

1087-1 

949-2 

2036-3 

\ b'b 

d 

ted. 







§* 

o 

Computed diges- 


381-33 

94-24 

1144-8 

1018-9 

2163*7 

J 

; o 

tion. 









Difference be- 


—6-96 

—2-66 

—67-7 

—69-7 

—127-4 



tween compu- 
ted and actual. 
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For }>iirp<>sc.s of comparison, tlie tlieoreticai computed digestion is added. Tiieso 
(igurt'.s wtii't! e;iJeula,ted from digestion coefficients wMcfi. have beem determined by 
Nutritioji Hecdion at Bangalore in other experiments. The coelficicnts arc 
recorded in a suhso<pient table. It will be noticed that the agreeme’it between 
tlnu>r(}tioal end actual results is close. The protein digestion comes up to the 
tlieoi'dtical amount almost completely, the most serious dcpartiirc (Group C) being 
1*8 })ei- (sent, of the total quantity, and part of this deficiency must be attributed 
1;o the depressing effect of gram husk on protein digestion. There is a small Init 
very r(igular deficiency in the actual digestion of carbohydrates. This was to be 
expected, because we are dealing with, young animals whose capacity for digesting 
coarse fodder has not attained its full power. Taking this fact into consideration, 

’ the digestion ^attained by our test animals is remarkably good. The most importjint 

point to observe in this table is the amount of protein digested. Rations A and C 
provide practically identical amounts, namely, 360 to 370 grams per day. Ration 
B, the wheat bran ration, provides very much more, namely, 480 grams. Again 
emphasis must be laid on this marked distinction of the wheat bran ration. The 
figures show once more that gram husk, useful though it may be, cannot function 
as wlieat bran in this respect. 

The mitriiivG ratios of the 3 rations are of considerable interest too. Rations 
A and B give very similar and moderately narrow ratios, while ration C has a wider 
^ ratio. The last figure reflects the higher food consumption brought about by gram 

husk feeding without a correspondmg increase in digestible protein. 

{c) Percentage of nitrogen in food and faeces. 

The figures for percentage nitrogen in the food and faeces show the facts from 
another point of view. In the accom})anymg table the average of the sum total 
nitrogen percentage in food and faeces is given. 

Table VI. 


Percentage nitrogen in food and faeces. 


— 

A 

B 

0 

I’ei'centago nitrogen in food 

2-09 

2-19 

1-96 

„ js faeces . . . . . 

1-37 

142 

1-62 


In rations A and B the amount of nitrogen in faeces is proportional to the 
amount in food. In ration 0 the proportion of faecal nitrogen is much higher, 
sbowmg again the presence of undigested nitrogen from the gram husk. The 
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digestion experiments have added considerably to the information gained from iiiu; 
feeding tests! The facts established may be more Mly stated tims 

Gram husk is a moderately digestible food, its starch ocpivalent value biding 
4/5 that of wheat bran. It provides carbo-hydrates but no pi.’otcbi. Its c.inhif 
effect is that of an appetiser. It improves the consistency and palatalnlity of r;iti«iis 
and leads to increased food consumption thereby generally widening the nut.j'itive 
ratio. In these respects it must he frequently very useful and beneficial in the 
rations of cows, as long as the hulk of the ration is not large otherwise. It must 
be recognized from the data obtained that gram husk is not a coiiceiitrated food. 

NitfOffen balance experiment. 

To determine the retention of nitrogen, a short! test was carried out with one 
animal from each group at the end of the feeding test. The roaults are riicordi'd 
in the accompanying talde together with relevant data. 

Table VII. 


Nitrogen balances. 


— 

Group A 

Group B 

Group 0 

Nitrogen digested daily grin. . . 

63-;l 

80*6 

Ol-O ' 

„ excreted in urine grm. . . ... 

460 

51*8 

ShO 

Nitrogen assimilated daily 

6-7 

28*8 

10-0 

Kelhur’s starch equivalent available for live weight* in- 
orea.se. 

0'S3 

1*44 

M9 

American starch equivalent available for live weight* 
increase. 

1*44 

2-oC 

2-09 


* Note these starch equivalent figures refer to the period of the aitrogen balance experiment only. 


The figiues indicate that high assimilation was taking place on ration B and low 
assimilation on rations A and 0. The high assimilation is associated with, a high 
figure for nitrogen digested and low assimilation witli. low figures foi.- nitrogen digestetl. 
But in the cases of low assimilation the amounts digested were su.flj(,‘.ieut tt> ])ermif; 
of muck higher assimilation. Clearly assimilation is at fault in rations A a,nd (.1 
Loolving at the starch equivalent figures, it wifi be seen that assimilation has u.}i- 
doiibtedly been influenced in this test by tlic amount of focn! consumed. The 
animal on ration B had the greatest excess of starch equivalent available for live 



WAETH ASJi SIKKA 


95 


weight. ijKvrease. It would, therefore be able to assimilate most nitrogen. In this 
way tile starch equivalent figures certainly help to account for a part of the 
differences in nitrogen assimilation but they can scarcely account for the whole 
difference. There is a possibility that the question of phy,siological efficiency of 
protein.s is involved in this result. It has to be recollected that the nitrogen balance 
test ■was carried out at the end of a feeding trial when physiological deficiencies in 
the protein of rations A and C may have become perceptible. The efficacy of wheat 
bran from this point of view deserves study. 

5. Staeoh Equivalent Values. 

Com, position and Digestibility of Foodstuffs. 

The accompanying table gives the average composition of the food-stuffs used 
i,ii the fiK'.ding tests. The material collected for chemical analysis was thoroughly 
representative, sampling having been done every day during the test. 


Table VIII. 

Chemical composition of foodstuffs. 



Pkkcentage oomposimon 

Digestion ooefhoiekt.s 

Stakch eqeiva- 
eent 


Crude 

Pro- 

tein 

Ash 

Ether 
ex- 
! tract 

Nitro- 
gen free 
extract 

Crude 

fibre 

Crude 

protein 

Ether 

extract 

Nitro- 
gen free 
extract 

Crude 

fibre 

Kell- 

ner 

Gra- 

pliio 

Ame- 

rican 

Guinea grass . 

d-96 

14-06 

1-72 

86-40 

41-14 

.52-43 

42-87 

61-38 

67-73 

23-4 

24-5 

28-8 

Grain huak 

.■j-O-l 

6-61 

1-32 

.86-41 

60-83 


100-00 

71-83 

65-72 

44-8 

43-5 

60-5 

Wlieat bran 

17-04 

4-01 

3-75 

63-38 

11-22 

78-00 

68-00 

72-00 

31-00 

62-0 

62-5 

60-5 

Ground-nnt. oalce 

50-45 

0-85 

9-85 

33-10 

6-61 

80-64 

97-00 

61-44 

9-81 

81-5 

81-5 

98-4 

Ragi straw 

4-16 

7-91 

0-96 

49-80 

88-17 



61-01 

70-16 

8.5-0 ^ 

37-0 

44-0 


The analyses indicate that the wheat bran was a particularly good sample especi- 
ally with respect to protein ; gram husk, ground-nut cake and ragi straw were good ; 
guinea grass was satisfactory in all respects except that the ash content was some- 
what high. In estimating the nutritive values of all these foods, Bangalore diges- 
tion coefficiencies have been used except in the case of wheat bran for which American 
values have lieen employed. 

The senior a,utlior has recently called attention to certain difficulties in estimating 
the net energy values of Indian Fodders (Journ, Central Bureau for Animal 
Hasbandry and Dairying in India, Vol. Ill, Pt. IV, p. 119). While the present 
doubt exists, estimates are made according to both European and American autho- 
rities. The results of these estimates are given in the Table above, all being expressed 
iu starch cquivah'.nt units, 
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It mil bo noticed that the estimates by the Bangalore gra,idno method agree 
ver? well with. .Kellner’s values. The American values are dee.ile.diy highe.r lu 
the“ case of roughages the difference ranges betwceji o and H sta,reh eqnnatle.nl-. 
With ^n'ouiiclnut cake there is a very serious divergemsi', ladwaum ituropc-ati. a,nd 
-luieiioan estimates. We are not in a position to comment on this matbe.r at present 
Comhining the starch equivalent values found above with the data, r<latmg to food 
consumption, wo can calculate the starch equivalent values ol the rations actually 
consumed by the 3 groups during the feeding test. According as Anmriea-n or 
European values are used for the individual food-stuffs, higher or lower values 
will be obtained for the rations. Both set.s of values are shown m the iable. 

The Nutritive effect of the rations. 

The nutritive effect is seen from and measured by the li\^e weight inereas<^.^ In 
the accompanying table the figures in lines A and B aui estimat-es of the mitntnm. 
effect of the 3 rations. The figures in line A were o])ta.ine<l hy assuming that 1 lb. 
live weight uicrease=l-5 starch equivalent. This si'.ems to us a fair allowance. 
It is highly improbable that the animals received less than f-his ammini; ol net 
0 ner.cry from the ration. The higher values in line B Wfue obhained liy assuming 
that! lb. live weight increase =2d) starch equivalent. This is perhaps a somewhat 
high value for the class of animal tested. 

Table IX. 


Nutritive effect and values of rations in starch equwalent per doy/. 


Group 

Batiou A 

Ration B 

Ration C 

Average 

— 

A . 

3-81 

4-29 

4 '38 

4*16 

j Values ol)tainorl from 

1 weight data. 

live 

B 

4-05 

4-69 

4-81 

4-62 



0 

3-30 

3-73 

3-68 

3-57 

Values obtaiiKid from 

food 



consumption data. 


J) , 

4>06 

4-53 

4-46 

4-35 



33 . 

3-79 

4-28 

4-20 

4-09 




For comparison with, the figures derived from live weiglit (lata, wc have figures 
derived from food consumption data. The latter are given i.n liiu'.s 0 , D and E, 
line 0 corresponding to the lower European values (Ivcllner s), line .D corrt'.s^ionding 
to the higher American values. These two different values have beim fully ex- 
plained above. Line E has been calculated by using the high Amcrii^an values 
for all food-stuffs except groundnut cake for which the lower vahui acciqd.ed in 



Europe has been used. Tbe data collected together in tMs Table appear to show 
conclusively that European starch equivalent values (Line C) are too low for the 
food-stiiffs employed by us. In no case do they come up to the lowest estimate 
that can be allowed for the observed nutritive effect (Line A). Using American 
values for all food-stuffs except groundnut cake (Line E), figures are arrived at 
which agree with the lowest estimate for the observed nutritive effect. From 
this we conclude that the nutritive effect of the rations is most nearly represented 
by assigning American values to all the food-stuffs except gromidnut cake. On 
the value of groundnut cake the evidence is not clear. 

Evidence from other experiments. 

To obtain further evidence the senior author has examined the data of two 
long period feeding tests carried out at Bangalore. In the first experiment (1) 
mature bullocks were used. It is assumed that 2-7 starch equivalent should be 
allowed per lb. live weight increase for these animals. In the second experiment 
(2) calves weighing 360 to 370 lb. were used. For these animals 1*6 starch equi- 
valent have been allowed per lb. live weight increase. Treating the data as above, 
the following results are obtained. 

Table X. 


Nutritive effect ami starch equivalent of rations. Bangalore, 


— 

- 

Mature 

buUoclis 

(1) 

Calves (2) 

Guinea 

grass 

+ 

Concentrate 

Silage 

+ 

Concentrate 

Values from live weight data 


6*27 

4*12 

4*36 

Values from food consumption data . 

Kellner 

4-60 

.3-56 

3-75 


Graphic . 

4-26 




American . 

6-04 

S-78 

4-20 


In all these experiments the Kellner’s .starch equivalent values seem to be 
vei'V low compared with the live weiglit estimates. For the bullock experiment 
it is true a high figure has been assigned to the starch equivalent required for 1 lb. 
live weight increase. For the class of animal considered, the figure 2*7 is not exces- 
sive ; bt]t even if only 2*0 starch equivalent were allowed, the live weight data 
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would still indicate a nutritive effect of 6*11 starcli equivalent inst(';ui of r>*87 jdveii 
iu tlie tal>l(i alx>vc. Tlie conclusion is inevitable tlnit Ke,11inn‘\s starch c.(juivaietrt 
values miderestiraate the nutritive effect in this experiment. The dai.a b'ote r»aiq!;a-- 
lore are summarized in the following statement. 

Table XL 


Summary of Bangalore results. 


Experiment 

Number of 
animals in 
test 


SXABOH EQTJIVALBNT VALUHS OB BA'IIONS 

Nntritivo 
effect from 
live wciglit 

KeM/NKR’s VALUK 

ABtKRIOAN VAT, UK 

Starch equi- 
valent in 
ration 

Excess over 
column 3 

Starch equi- 
valent in 
I'ation 

Excess over 
coluinn 3 

1 

21 

4-16 

3-68 

-0-48 

4-36 

4-019 

2 

6 

[ 6-27 

4'60 

: —0-67 

5-04 

— 0-23 

3 

8 

4-12 

3-66 

— 0-66 

3-78 

~{)-34 

4 

8 

4-36 

3-76 

-~0-60 

4-20 

— 0-15 


Average 

4-48 

3 90 

—0-68 

4-34 

-0.13 


It would appear from idiese figures that at Bangalore the Kellner’s vailues are 
much too low, while the American values barely suffice to account I’or flic nutritive 
effect. It remains, finally, to compare the Bangalore and Hosiir results. In the 
accompanying Table the Hosur figures are taken from Mem, Depl. Agri. India, 
Chemical Series, VoL XI, No. 3. 

Table XII. 


Comparison of Bangalore and Hosur results* 




1 

No. of 
animals 
tested 

Kellner’s 

value 

American 

value 

Bangalore . . . . . . . . 

43 

!.5g 

J*;} 

Hosur . . . . . 

80 

—21 

4-47 
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That is to say, at Hosiir the nutritive effect appeared to be weil below American 
values and slightly above Kellner’s values. At Bangalore the nutritiT'e effect 
appears to have been much greater, being slightly above the American estimates 
for food values. Although the differences are considerable, the 'writer is not pre- 
pared to affirm that they are significant. It is a difficult matter to obtain a correct 
appreciation of the real nutritive effect of a ration. If the data obtained are not 
significant, they are certainly very suggestive and provide a means for oriticaliy ex» 
amining and comparing results of feeding trials. 

Summary. 

1. A comparative feeding test showed that, in the type of ration used, gram 
husk affects the ration much in the same way as wheat bran. Both substances 
improve the consistency and palatability of the ration and both bring alioiit approxi- 
mately parallel increases in food consumption and live w'eight. 

2. Digestion experiments show that gram husk possesses a distinctly lower 
starch equivalent value than wheat bran. A marked distinction between wheat 
bran and gram husk is that the latter provides no digestible protein whatever. 

3. G-rani husk cannot be considered a concentrated food but it possess undeni- 
ably valuable properties, some of which are clearly defined by the experimental 
results obtained. 

4. Comparing starch equivalent values of the mixed rations with the observed 
nutritive effect of these rations, it is concluded that the relatively higher American 
values correspond more closely to the effect observed in this experiment. 

5. Other experiments carried out by the Nutrition Section at Bangalore are 
quoted to show that American values frequently give close approximations to the 
observed nutritive effect. 
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STUDIES IN SOIL COLLOIDS, PART IlL 

Flo(?colation op soil colloids. 


AMAE NATH PURI, Ph.D., M.So., A.I.C., 

Lnhi Phydcxd Chemist, Imperial Instilute of AyrieiiUuml Research, Pusa. 

(Received for publication on 3rd Novomlicr 1921)-) 

(Jiarificatioii of turbid water witli alum bas long been known to people in certain 
parts of India wliere there is scarcity of water. 

As far back as 1868 Skey i published a short note on the coagulation and preci- 
pitation of clay by neutral salts generally : 

He arrived at the following important conclusions 

(1) The power of clarification of the various salts studied were in the following 

order •.••-H2SO4 > Lime > Ca and Ba Chloride > Chlonde and feulphate 
of Na. 

(2) Upon washing the clay precipitate, it reaccpiires its tendency of permanent 

dilinsion. 

(3) The quantity of clay matters present appears of secondary importance ; 

complete precipitation having nearer relationship to the ilegree ol 
dilution allowed to the salt employed. 

Ill 1871 Scliloesing « confirmed some of .Skey’s results and further showed that 
chloride nitrate, sulphate bicarbonate and hydrate of calcinm have apparently ari 
equal efect. He explained the formation of deltas as being due to coagnlataon oi 
the suspension by the electrolytes in the salt water. Schloesmg was probably Hm 
first to point out the gradually increasing effect on flocculation as the concentrai.i^ 
of flocculating agent is increased; for instance, he found M LaU, .aj 
of the liquid, precipitated immediately. after some minutes, m two or 

three days. 


1 Skoy. ChemicMl Neivs, Vol. 17, p- 169 (1808). 
? Sehloesing. </• O. < 8 ., 84, p. 759 (I 81 I). 
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FLOCCULATION OF SOIL COLLOIDS 

III 1907 Hall and Momsoiii published a detailed study of tlui ]>h<'.nonienon of 
floecrdatioii iu clays. They worked mostly with Kaolin and Nalroliic. They did 
not attempt to put forward any theory and in fact showed i;!uit none, of the iheories 
advanced in the case of flocculation of other colloidal solutions fltt.ed in with tlndr 
observations and measurements. 

In 1910 Wolkoft'2, summarizing the most important ]ii.eraturc on. the subject, 
gave some results of hocculation experiments on clays from different origins and 
showed that the flocculating efficiency of diiierent electrolytes depends o,n the 
nature of the clay, a fact hitherto not recognized by previous worlcers. 

In 1918 Pickering 3 studied the flocculation of Kaolin and clay among other 
snhstances and called attention to the large increase in tljo volume occupied by the 
particles as evidenced by the volume of the deposit, eventually obtained on subsi- 
dence. He ascribed flocculation to a combination of the floccula/nf. with Kaolin. 

From 1920 onwards Comber ^ published a series of throe ]»apers in which he 
developed the theory that soil particles consist of a cort; with a. gel coating ; the 
former imparthig to them the character of a siispensoid. and tlni latlcr cimdsoid. 
The essential diftmence between particles of various sizes being thdermined by the 
ratio of emnlsoid surface to the core of the particles. In <da,y the surface, in silt 
the core, dominates the system. This theory aocoimted for the abnmmal behaviour 
of clays, the flocculation of which by Ca ions is facilitated by the jn-esence of hydroxyl 
ions. He also showed that the absorptive power of a soil f<ir lime mustr be satisfied 
before tlie latter can cause abnormal flocculation of clay. 

Of special interest in this connection is the work of Gledroiz .3 He arrived, at 
the following important conclusions ; — 

(1) The flocculating power of acids is roughly inversely ])roportional to their 

dissociation con stani. Oompletcly dissociati'd acids like HCI. HNO ^.5 
and H 2 SO 4 being UMpiired iu erpiivah'nt aniounts. 

( 2 ) Except Eb, & Ag. all the ihlorides of monovalent ions were erjiially 

potent in their floccnlatiug pmver. 

(3) The iioccnlating action of the chlorides of bivalent iotis lilce M'g, Ca, Rr, 

Cd, Ba, Mil, Ni and Co was equal but conside.ra’bly lugher than 
mouovalent ious. With trivalont ions like A] and Fe the action was 
still stronger than mono- or <.livalent ions. 


^ Hall & Morrisoxi. Jow. Aj/r. &i, 2, p. 244 (19115). 

2 ^oM. Nci, 1, p. 683 (1910). 

» Pickering. Proc. Boy. Soc., A. Vol. XOIV, p. ,‘J15 (I9IS). 

^ Comber. Jam. dj/r, iScL, 10, 1920 ; 11 (1921) ; 12 (1922). 

" Gedrok. Onimniinication 24 from the Bureau of Agr. & .Soil fSoi. of tl.o .Sebuitifie, CommilL-t' oi 
iilio main deparinieiit of Landorg & Agri., Petrograd, 1915, 


tip till now little attempt lias been made to study tbe floeculation of soils witli 
due regard to tlie plieaomenon of base exchange. Without a knowledge of the 
iiatiu’e and extent of the cationic exchange likely to be efiected in a given soil on 
the addition of a given electrolyte, it would be impossible to build up a comprehen- 
sive theory of the stability and flocculation of soil colloids. 

In line with the evidence brought forth in support of the general theory of soil 
acidity and base exchange, the terminology adopted in the previous paper of this 
series will be maintained. So that a compietelj’' “ unsatured ” clay will be called 
clayic acid and its neutralization products with bases as clayets. The use of ter- 
minology that emphasizes the chemical nature of the various reactions that can be 
brought about with clays is to be infinitely preferred as providing a proper 
perspective in tbeir imderstandmg. The following therefore is a study of the 
flocculation of soil suspensions eontaming clayic acid and various clayates. 


Espekimental. 

It has been- shown by several workers that the process of flocculation is nbt 
abrupt but proceeds with a gradually increasing intensity as the concentration of 
the flooculant is increased above a certain minimum. Tbe complete course of 
flocculation, however, need not be followed, but only those concentrations of various 
electrolytes can be determined which produce the same change in the solution 
within a given time. These flocculation values (F. V.) can be used for comparing 
the relative action of various electrolytes on a given suspension. Three criterions 
were used for fixing the flocculation values : the appearance of a clear layer of 

supernatant liquid on (A) leaving the suspension for 24 hours ; (B) leaving the 
suspension for 10 minutes ; (0) Centrifuging for 3 minutes at 1500 r. p. m. These 
will be referred to as A, B, or 0 method in the text. 


Flocculation op clayic acid suspensions with hydeoxideb. 

(1) Eflect of concentration of the suspension on F. V. 

Particles of O'OOl mm. limiting diameter were separated from a heavy clay soil 
(Dharwar, Bombay) after acid treatment when all the clayates had been converted 
into clayic acid. Increasing amounts of water were added to 10 c.c. portions of a 
4 per cent, suspension and the minimum concentration of alkali required to produce 
flocculation within 10 minutes noted down in each case. In Table I are given 
F. V.’s for the hydroxides of Ca, Sr, and Ba, at various concentrations of the 
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fuiHpei.isi.(>!]. TI.i( 5 vosiilts plotted in Fig. I show that there is a logarithnue. ndai.ion- 
ski]) hodsvaioti nan(MMd.ratiou of suspension and F, V.; an<l (ha.t aJinost (MjuiyaF'til 
.-unounts of Ca, Br and Ba hydroxides are required to n,oc,c,ulat.(; a soil. 


MYhet €?/■ of smpormmm om 

J^V.forJ^droxides 



Susjjf. (bfw. drms / WO ixc. 


MtAK HATH WRI 

Table I. 


EtTcel t>f coiirrtilradoH. of suspension on F. V.fof hydroxides oj On, S> ,^ 

md Ba. 

Hu (OH) 


Sr (OH), 

Ca (Oil 

h 

busp. Cone. 
grnfu.'-.i-JO!) c.o. 

.F. V. in. eii- 

Susp. Cone. 
grams-lOO c.c. 

F. V, m. eq. : 

Susp. Gone. 
graitts-lOO c.c. 

F. V. in. cq. 

. 

8*246 . 

•436 i 

3-067 

•476 



2*480 . ... 

•441 

1-726. 

•476 

1-703 

•4726 

1-478 » 

■46 

1109 

•476 

1-204 

•609 

•0000 

■60 

-9179 

-482 

•012 

•62-4- 

•6446 

■60 

-7448 

■462 

•74,08 

■524 

”4180 

•60 

•6268 

•608 

6204 

'■637 

•8376 

•62 

•6378 

•624 

•5U 

-.546 

'2834 

*64 

•423 

•541 

•4684 

•653 

•2440 

•66 

•348 

•588 

1 -3781 

■501 

•2140 

•68 

•2963 

•69 

: -3169 

•569 

”1901 

•62 

•2659 

•G24 

•2728 

■586 

i 

”1710 

•62 

■2261 

•(556 

•2329 

*593 

•1664 

•66 

•2028 

”656 

-2129 

609 





•1917 

MS'- ^ 

.1331 

•OS 





”1166 

•72 





•1020 

■80 





•0915 

•84 




i ' ' ■ - 

•0826 

•02 




1 

! 


It miglit be noted that the inminmm F. V. is only a little higher Hi™ the 
of aEcali requited for neutraliaing the clayic acid up to the 2 uiiij { oinia ioii 

iiiono-liyclrogen acid Baloid'^). i 

This point is examined in greater detail in ^ Table 1 < • 'f ■ 

the doccrilation values for a nninber of acid treated soils containing c ^ ^ ^ ‘ 

of clayic acids ; 6 grams of soil being suspended in. 1 00 c.c. of i^nrtei^ It wd be seen 
that E. V. in each case is approximately the same as the base 

*Clayic acid is regarded as tribasie acid, bee Part I of those studio,-). 
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|)OW<ii- Uj) to Ilji llniit (0(j_uivak‘iit to CO 3 ovolved on lieatliig with 

showing ti.i(.'roi»y tli.a,t very iittlc J.k(OH)^ is required: to lloceulato a sol! al’ier its 

base iieutraliyaug power up to I'L limit lias been satisfied. > 


TilBLE II, 

Showing the brnenemraUdng power, of add treated soils {up to lU Imdi) and F. F. for 
Ba{0R)^. 


SosJ 


A. T. 1 
A. T. 2 
A. T. 3 
A. T. 4 
A. T. S 
A. T. 6 
A. T. 7 
A. T. 8 


■Base neutralixiiig power 
up to Hj 

F. V. 

i 

M. eq. for 6 grams 

M. tjq. for 0 grams 

1*210 

1*20 

0*820 

0*90 

1*08 

1-03 

1*485 

1-97 

1*390 

1*«5 

0*795 

0*70 

1*40 

j 1*34 

1*305 

1*34 


The fact that the base neutralizing power of a soil must be satisfied before lime 
or Ba(yi)j oau flocculate it, has been noticed both by Gedroiz as well as Comber 
( oe cit.) and seems to show that flocculation of a soil suspension is not bi-oimht 
about by the adsorption of this or that ion, but by its being in solution. lUs 
also well Imown in the domain of colloid chemistry that substances that are adsin ^ 
m equiyaknt amonnts by a given colloid may have widely diflWing floivul-.t o 
values. Fiiiondhch has explained tl.is on the supposition tliat strongly adsorbed 
ons are adsorbed at a much lower oquilibriiim concentration and hence that neutra- 
iza ion of the charge takes place at a much lower concentration ; ooncliidioiT 
thereby that more strongly .adsorbed ion has a siiialler F V Tin's vieir is ,i„i 

patiblei^hthefipthatNaOHisegimllyweir 


Cf. Part I of these studies. 
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Wc lui vo Hticn Mhit Ba clayate mii«fc be formed first wben Ba(OH )2 is addeil to 
cLiyic iicid soil susponsiou ; and it is only the amount of Ba(OH )2 over and al.iovo 
t!ia,l: amount, whieli. produces flocculation. It was of interest to see how this value 
would bo modified if a part of the clayic acid was neutralized witliNaOH. For 
this pmrpose Akola soil was first converted to the acidoid state and then neutralized 
{pH 7) with a mixture of Ba(0H)2 and NaOH, thus were obtained series of soil 
suspensions containing increasing ratios of Na and Ba clayates. Flocculation with 
Ba(OH )2 was studied on them. Results given in Table III and plotted in Fig. 2 
show that as the percentage of exchangeable Na increases, F. V. for Ba(OIl )2 
increases cori'espondingly. 

Wtocetdeutioth of Soils . 
incTeo/sirs^ mnownts of Wo' 


complex with/3Gy 



l?ia. 2. 



iOg FLOCOUtATION OF BOH. COLLOIBS 

Table HI. 


Florrj dill. ion rff soli snspcnsion mnhmimg intyrcasmg (iitioiinli; of i\rr/io,Hfjf<ildi‘ In 
the clay, with Ba{OU)», 


.Porceiifciigo of cjcohangoablo Na on total amount 
of bo.aes. 

F. V. tJ.o.’H of N/10 r.a{()SS),. por 2;'. n.o, o* 
2-ii% .'IHfjpoiifdoil. 

0 . . . . . 

1-5 

20 . , . . . . . 

2-3 

40 , , . . . . 

2-7 

fiO . 


do . . . . . . 

8-2 

80 . 

3'4 

90 

3'7 

100 . . ... 

3-9 


The above results can be easily interpreted if we remember that part of Ba, is 
exchanged by Na and thus rendered inactive as it were, because V. for Na salts 
is much higher than Ba salts. 

Experiments with a 2 per cent. Na elayate soil suspension confirmed tlu? resnlis 
obtained with clayic acid soil suspension that an eq[uivaient jimonnt of t,]ie hydro- 
xides of Ca, Ba, Sr is required for causing flocculation in a given susjamsion. 

It is worth noting that the reaction between the soil ;ui(l the hydroxiutw of 
divalent ions proceeds rather slowly especially near the neutralization point (]{„) ; 
hence larger amounts of these hydroxides are required if tire suspension is left for 
some time with the flocculant than otherwise. 


11. Elocculation with acids. 

Flocculation with acids is not of great interest ex.ec[>t vdum lioil hoiloid is ampho- 
teric, i.e., having high sesquioxide content and isoohsetric ])oi!it, of. Ma ti.son^, hoe.aust- 

I'Afiittson, H. Anioixio and Catiomo adaorption by Soil (Jolloidul matc.m! <.i' vary in-- 
BiO./AlaOa -f Fo^g ratio. Proe. Int. Ven^, Sidl. ,Sci., 1.1 (JommiHBion, p. 11)0, Wu.-ihingtoo ( 


. A&iAB; isATK Ptjsi i09 

<if’ )'.]!, 0 iiJWivi'fcaJjlo .siclo .reactions due to the dissolution of A1 wliioli acts as a power- 
ful liocculiiiit. liideed, it is doubtful if the acids have got very great liocculation 
power, it seems more likely that the flocculating action of H ions falls more iu line 
with tlie weak action of monovalent ions. 

The dissolution of A1 by acids is a slow process and therefore very much sraaller 
quantity of acid is required to produce flocculation if the suspension is left with 
{loGGiilant for sometime than otherwise. This is shown in Table IV wherein are 
recorded fjocculation values for H2SO4 for the same suspension at difierent intervals 
of time. To 25 c.c. portions of 2 per cent, sodium clayate soil suspension increas- 
ing amounts of || B2SO4 vrere added and the tubes centrifuged (C method) after 
diflerent intervals of time and flocculation noted. 

Table IY. 


j^ffect of time of contact on flocculation by H^SO^. 


Tirae interval (hours) 

W. V. <c.c.’a of 'g HsSOd 

0>I , . » , . . 

id 

0-6 . a .... . 

13*5 

I-O , . « . . . . 

10-0 

2-0 . . . . . ■ . 

9*0 

3"0 . . 

S 

4*0 ....... 

8 

IS) ...... 

7 

‘24- ....... 

6*5 

47 . 

0-f> 


Ill, Fl,0CGULATf03Sr WITH NEDTEAL SilT/fS. 

It might }>e stated at the outset that the influence of elect-ro-negative ion in 
chlorides, nitrates and sulphates was found to be negligible. This lonclusion has 
been ar'ived at by other workers and needs no amifliflcation. 
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Fiocouliitifiii. witli NaCl. of soil vsuspensions containing one kind of excliangeable 
ion was studied. The results given in Table V leave no doubt as to the fact that the 
nature of the exchangeable ion is of prime importance in the study of flocculation 
of soil colloids. 

Table V. 


FloL-milation of soil suS2>ensiom containing one Idnd of exchangeable ion with NaCl. 


SoU easpension exchangeable ion 

P. V. for NaCi M. eq. per 100 c.e. 

Na . 


. 


12'28 

Mg . 




1-676 

Oa , 




0-666 

Sr 




0-3846 

Ba 




0-3846 

H . 




0-1936 

Al . 




0-00386 

Fe 


. . . 


0-00468 


There are probably two causes operating in the phenomenon of flocculation as 
influenced by the nature of the exchangeable ion. 

1. The higher the valency of exchangeable ion, the lesser the ionisation and 

stability of the suspension and hence the lesser the F. V. for a given 
electrolyte. 

2. A part of the Na ions in the NaCl are exchanged by an ion of a higher 

valency (which is more potent in producing flocculation) in all sus- 
pensions except No. 1. 

The eliect of exchangeable sodium is also seen in a striking manner in the case 
of a series of soil suspensions containing increasing amounts of Na, the rest being 
Ba, described before (Table III). 
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(1) Difference between F. Y. for Ba and Ca ions increases as tbe amount 

of exchangeable Na increases in the cla.7. 

(2) Flocculation values for A1 ions are not vastly diffci'cni from those fur 

Ca and Ba ions, as would have been expected, from ilio r(*suhs given 
ill Table Y. This is most probably due to the formaiion of jMa, {do- 
minates at higher pH values which behave like otlier Nii. salts as 
regards their flocculating power ; or it may be due to jirccipitation of 
a part of A1 as Al(0H)3. 

(3) Mg ions are not so powerful flocculating agents as Ba and Ca. This 

conclusion is at variance with that of Gedroiz who found Mg ions not 
much different from other divalent ions. 

(4) In conformity with the conclusions arrived at by otlier worlcers, Na ions 

aje found to be the weakest flocculating {ige.nts, also they show a 
great difference between F. Y. for partial iind eoiujilote lloeeuiaiiou 
and where the amount of exchaiigeahle Na is largo, il is not, possible 
: to locate the latter value with exactitude, as the whole nm.ss gelali- 
nises. Perhaps measuremeuts of viscosity change.^ would give a more 
exact F. Y. 

(5) The difference between F. Y. for Ba ions with O-b pei-cent. ami 2-5 per 

cent, suspension systematically increases as tlie a mount of excliangea bh* 
Na in the clay increases, reaching a maximum wiien Ihe suspension 
contains no other exchangeable ion except Na. 


Table YI. 

Flocculation of soil susfmision nontaininff increasing amounts of e:rck<mgeahle Na in 
the clay with, various ions {chlorides). 





P, V. (M. EQ. :p©r 100 0 . 0 .) 



Peveenliige of 
ex(iha.iige!iblo 
Na oti total 

bases 

Ba 

Gu 

Mg. 

A1 

- 

Nil (2-5 pt r eeijl. hJubp.) 

2'fl per j 
cent, i 
Su.sp. j 

0-6 per 
cent, 
Susp. 

2'5 per 

cent. 

iSnsp. 

2*6 jw!!' 
eenfc. 
Snsp. 

2-5 per 

Su.sp. 

Bart lid 
V']w. 

c loiapleto 
Bloc. 

0 . 

•0787 i 

•0980 

*0787 

0-6238 

■0593 

•3968 

•9802 

20 . 

•2650 1 

■1362 

•2650 

1-065 

■1923 

1-923 

2-830 

40 . 

•1.546 ^ 

•1923 

*4547 

1-473 

•3875 

4-546 

7-628 

50 . . : 

■5367 

•2107 

•5516 

1-805 

•4546 

5-3.57 

8-;l34 

60 . : . 1 

*014 

•2290 

•6445 , 

1-91.82 

■5I9S 

6-140 

9-6S0 

80 . . 1 

•777 1 

•2651 

•8194 

2-1995 

•6.598 , 

0-S98 

linJelinite 

90 . . 1 

■861 

3007 

•9016 ' 

2-323 


9-6S 

Imieliuil e 

100 . . I 

•9412 ' 

•3184 

•9930 

2-428 


12-12 

Indi-linite 
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The effect of increasing concentration of Na clayate soil suspension on F. ¥. for 
C-'a ions was examined in greater details in the ease of the last named suspension 
Unit contained 100 per cent, exchangeable Na. The results recorded in Table ¥II 
a lid ]>lotted in Fig. 4 show that the effect is regular and systematic. 


ofNa^ chiyette- Stvs^e-msion/ 
wMiJ Chj S()^, at- vcorwus cojweritraMons. 



Cone. of\siisp€nsimi(ifPms of solul mxdter^erJOGc.e.) 


Fio. 4. 




lit- 


FLOCCULATION OF SOIL COLLOIDS 


Table YII. 

FlocrjilaMon of Na clayate suspension with GaSO^ at mf ious couceutraiioui^, 

(}om).ofsusp.attIjeteulatioupomt.^^^ j Gv ion. p.r UK) cc 


O-llS 







3-o0 

0-227 







'6«7f) 

m 

0*439 







7-78 

0*806 







12-37 

1-4.53 







17-37 

1-973 







21-09 

2-439 







24-74 

2-778 







28*18 


Tile above results, along with those recorded in Table VI, have a signitioanee of 
practical value. They show, for instance, that the concentration of g 3 ’-psnin needed 
for flocculating a deflocculated soil containing only divalent exchangeable ions 
is 1*574 milli-grams of Ca per 100 c.c. (apart from the. fact that this concentration 
rises to 19*08 milli-grams per 100 c,c. when the divalent ion is replaced by Na) show s 
that lime cannot be a permanent cure for the deflocculated condition of a soil ; 
because since ail lime must get converted into CaCOg, a saturated solution of wliicli 
contains only 0*72 milli-grams of Ca per 100 c.c. (or little more if some CallCOg is 
formed), the deflocicnlated condition is bound to return. It also explains tlie fre- 
quently observed fact that even calcareou,s soils containing as mucli as ]0 ]i('r cent. 
CaOOg can deteriorate in fertility by the accumulation of <;xc]uing(iable Na n.iul the 
only remedy for such soils would be the application of gypsum. Tin', abesve j'ojiuwJcs, 
of course, do not apply to soils rich both in exchangeable Na as well as exchaiigealjile 
H (degraded alkali soils) which must have lime for neutralizing the aeiiliiy. 

All the experiments reported so far were done with suspension ueutr.alized up 
to stage ; (di-liydrogen acid saloid) since such a soil can take up another equi- 
valent of alkali for converting it into the monoliydrogen acid saloid^ ; it was of 
interest to see the effect on the flocculating power of a salt wlien a di-liydrogen acid 
clayate is gradually neutralized with NaOH. 

Increasing amounts of ^ NaOH were added to 50 c.c. portion, s of 1 per cent, 
suspension of a di-hydrogen Ba clayate soil and F. V. for BaCig d(itermine<i in eacJi 
case. 


^ Puri. Studies in Soil Colloids, part 1 
C'htmt. Ser.i Vol. XI, No. J. 


Base Exchange and Soil Acidity. Mv.m. Iu jiL Aiji'i, 
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Tlie lesiiits given in Table YIII and plotted in Fig 5 show that F. 1' . for Ba Clg 
increases systematically with increasing amount of NaOH added to the suspension 
reaches a maximum and then decreases systematically ; hut the interesting thing is 
that the maximum occurs at the point where the formation of monohydrogen saloid 
is complete (neutralization up to Hg stage). It is clear that on the ascending por-* 
tion of the curve the presence of hydroxyl ions^ retards flocculation and on the 
descending portion in the same clay the flocculation is facilitated by the presence oi 


Mffect of umremsM^ OH 

foT 



C.€. ofm NG/ OM (mM^S 'to 50c.€, of t% susp^fwiow . 

]?IG. 5 . 


* The efiecfc is not due to the abseoce of the products of exchange acidity, because the soil being , 
already neutralized with Ba(OH)a up to Hj stage, no exchange acidity could be produced by the addi«- 
tion of BaClj. See part I of these studies. 

B 
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hydroxyl ions. Tt sooms. tliorofon, t.lud. Oornhor h tn.s.vy ol ■ onn.U.,,! non.,,,;; 

on tho cby i*rtioks would ho untieonssnry U> nonount ho' • ,o urnunolous „.|un n,„t 
of clay, because bofow the. rcalily of any such c,non,a,y ' onld l,o ,.s(ehl,.sl,..,l, n kiiow- 
ledge of tlic nuture and amount of exeliaug<iMb.lo urns '.vva,i].i l)o iUM'ONHai’y. 


Table YIII. 

Effect ofinavamg amounts of NaOH on the F. V.for 


O.c. of N/jo NtiOfi fu.ltUH.1 
cciifc. suapen.' 


>75 

LO 

1>25 

l>5 

1- 75: 

2 - 0 
a >25 

2- 5 

' 2-75 
Jj-O 

3- 25 
3-60 

3- 75 

4- 0 
4 >r) 
o-O 


to 50 

i-UOIl 


of 1 per 


O.c, of H/ay IJaCUo requiffd to lloecuiate 

0 - S 

1 - 4 
!>S 


2 '(l 

2-8 


2-0 
LI 
l-S 
i I 
,i ,-2 
li* 
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The effect of addition of NaOH to A1 clayate suspension on the F. V. for AI 2 
Clg is shown in Fig. 6. Unlilce the floccuiation of Ba clayate with BaOl^j there is 
no maximum for F, V. up to the concentration studied, the reason is that A! ions 
being amphoteric in cliaTacter cease to exist in alkaline medium. This is marked 
by a slight change of direction in the F. Y. curve. 


Effeci of WdOIf fy 

j\l susjje^mio'ib on/ the F. K fbrAZ^^ €lg . 



€.€,of^Wm0IImld£dt&0‘5%suspen/SW-w. 

Fia. 6. 

Some attention has been directed recently towards the importance of pH control 
in all studies of soil flocculation. While this is likely to lead to useful results, the 
fiindameutal oaiise of the importance of pH values in this phenomenon must not 
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be lost siglit of„ It must be recognized that variations, in pH are themselves due 
to changes in the state of saturation of clay. The soil can be brought to any desired 
pH value both, by Ba(0H)2 as well as NaOH and yet the elfect on flocculation is 
totally different in the two cases. 

SUBiaiARY. 

(1) Flocculation of clay suspensions has been studied, with particular reference to 

the nature of the exchangeable ion in soil colloids. 

(2) It appears that the natine of the replaceable base in a soil has a profound in- 

fluence on the flocculation values for different ions. 

(3) Of special interest are the results with soils containing increasing amounts of 

exchangeable sodium in them ; which show that as sodium increases, the 
flocculation value for calcium ions increases correspondingly. The importance 
of these results in the practical reclamation of alkali soils is pointed out. 
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M‘E'rHOT>S OF ESTIMATING SOIL COLT.OIDS. 
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Late Physical Chemist, Im, ferial Institute of Agrieultuml Bsseareh, Piisa, 

(Received for imblication on Srd November 1929.) 

A good deal of attention has been directed during the past few years towards 
methods of estimating the amount of colloidal materials in soils. The literature 
on the subject up to 1924 has been summarized by Gile et al.^ The methods so far 
suggested can be grouped as follows : — 

1 . Mechanical analysis methods. 

2 . Adsorption methods : 

(a) Water vapour adsorption. 

(b) Dye adsorption. 

(c) NH 3 adsorption. 

3. Heat of wetting method. 

4. Shrinkage method. 

5. Chemical method. 

It ax)pears that three factors are involved in any consideration of soil colloidal; 
behavioiir, namely I-— 

(ft) The size of the particles. 

(&) The surface development, and 

(c) Surface reactivity. 

The above factors are neither identical nor entirely inter-dependent as far as 
soil colloids are concerned. The fact that no satisfactory method has yet been 
discovered of estimating soil colloids, is chiefly due to the failure in attaching a 
precise meaning to the term “soil colloid”; and it would require no elaborate 
argument to prove that unless that is done it would be futile to prescribe any method 
for measuring it. Recently Joseph has drawn attention to this point and has put 
forward tlie workable suggestion that for the present the inorganic soil colloids may 
1)6 taken as synonymous with the clay content®. 

The utilitarians urge that any estimation of soil colloids must be correlated 
with the behaviour of the soil in the field. Even on this basis it would be difficult 

1 Oilc, MuUlloton, Robiuson and Anderson. U. 8. Dept. Agri. Bull. No, 1193 (1924). 

“ 8uil 8cL, 24, p. 271 (1927). 
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to choose between the size, the surface, or reactivity of pa.rtkih*s. hkioh on<? of these 
factors plays its own part, and there is no reason to reject one i)i favour of tlu^ others, 
Tlie ideal method therefore would be the one that c.oiul)im;d jill tlicse fael.ors and 
indicated the resultant effect, what we arc really after is not an estiiiuiiiou of soil 
colloids but a measureTnciit of colloidal behaviour, for such, behaviour is a<l tnittedly 
of importance in any correlation between soil conditions and plant growth. 

A. method of estimating soil colloids can be either absolute or rtdative. If the 
former, it can be used for soil characterisation and as su<di sliould be uninfluenced 
by the natural changes ordinarily going on in the soil during comparatively short 
intervals of time, if the latter, then a knowledge of the effect of natural causes on 
its magnitude is of prime importance before it could l)e made to s(.Tve any useful 
purpose, practical or theoretical. 

As far as we know, the nev/er methods of mechanical analysis (siuh a.s the iTiterna- 
tionai method, or the author’s NaCl— NaOIl nietluKP) could be depiuided upon 
to give absolute values for clay ; values tluit would not cliange, from inoidh to montb 
or even year to year. 

If we, therefore, adopt Joseph’s suggestion that clay may be considered synony- 
mous with colloidal matter, the question becomes simifle. However, a method 
may be absolute and yet arbitrary and this is the argument in the lunidsofthe 
advocates of other methods. Tliey point out that it maj^ be possible to determine 
the percentage of certain arbitrarily fixed size with exactitude, but mere size takes 
no account of the surface development nor it gives any indu'ation as to whether 
the latter is smooth or rugged ; crystalline or amorphous, inactive or active. Adsorj>“ 
tion and heat of wetting methods, on the other hand, would presumably give a truer 
measure of surfc.ce reactivity and consequently a beti,cr estimate of colloidal behavi- 
our of soils than the meclianical analysis. The fact that they often give too high a 
value for colloidal content and include perhaps a portion of sill, along u ith clay as 
colloidal, is an argument rather in favour of the “ adsorption ” and lieat of wetting 
methods than against them ; for a colloid does not lose its colloidal behaviour when 
spread over an inert surface ; in other words, a surface can just as well be colloidal 
as particles. However, it remains to be seen to what extent adsorption and heat 
of wetting methods are absolute. In other words, how far the values obtained are 
influenced by such factors as the nature of the exchangeable ion, prevsenee or 
absence of soluble or insoluble salts, etc. 

The effect of exchangeable bases in the soil on moisture absorption has been 
studied by Thomas^ ; on heat of wetting by Pate® and on dye adsorption by Gedroiz,* 
The effect on the ammonia adsorption has not yet been studied. 


^ Puxi, A. N. A Now Method of Dispersing Soils for Mechanical Analysis. Mmi. Dera, AarL India. 
C’/iem. Nen.Voi. X, No, 8 (1929). 

sThomas, M. D. Soil 8ci., 25, -p, iSS {mS). 

»Pate, W. W. Soil ScL, 20, p. 32Q (1925). 
i Gedroiz, IC. K. Zhur.OpH, Agron.,\5,p.l%\(l9l4t). 


Tile following conclusions have been arrived at :~~ 

(1) Moisture absorption (especially at higher humidities), heat of wetting 

and dye absorption are greatly influenced by the nature of the replace- 
able base in the mineral complex. 

(2) On the whole, a soil saturated with monovalent base gives a lower heat 

of wetting than one with a divalent base. 

(3) Moisture absorption is highest mth soil saturated with Ca and lowest 

with K. Sodium saturated soil occupies a peculiar position in as 
much as at high humidities its moisture absorption is the highest. 

(4) Adsorption of methyl violet and crystal violet was greatly influenced 

by the nature of the replaceable ion so much so that (?<edroiz declared 
the method quite useless for giving any indication of the degi-ee of 
colloidility of a soil. 

The above conclusions have been arrived at by working with soils in w^hicli all 
exchangeable bases have been replaced by a single one by treatment with a neutral 
salt. This treatment, as has been pointed out before^, leads to the forimition of 
Di-hydrogen acid saloid, or the neutralization of the clayic acid to Hj stage, and 
since the soil can. take up further amount of bases it was of interest to study the effect 
of the gradual introduction of different ions (up to the saturation point) on the absorp- 
tion of ammonia and water as well as on heat of wetting. 

Experimental. 

A heavy black, cotton soil (containing 60 per cent, clay) was completely deaa- 
turated by exbaustive treatment with N/20 HCl. The clayic acid thus produced 
was then gradually neutralized with different allvalies up to the “ saturation j)oiiit 
(normal saloid formation) Li, Na, K, Am.hydroxides were used in the presence of 
excess of alcohol to avoid dispersion and facilitate Alteration, The soils after treat- 
ment were filtered and dried. The filtrate in every case only contained traces of 
alkali except in the last of the series. 

Various determinations on these soils are recorded below : — 

Ammonia ABSORPTION. 

Two methods were used for studying ammonia absorption : — 

(а) Leaving a weighed quantity of soil with excess of ammonia solution in 

the oven (100- -i05®C) overnight and determination of ammonia 
absorbed by distillation with lime. 

(б) By passing ammonia gas over air dry soil contained in a conical flask 

for 5— 6 hours and subsequently driving away the excess by passing 
air for 48 hours. Ammonia absorbed being determined as in (a). 

1 Puri, A. N. Studies in Soil Colloids, part I. Mem. Depf, AjH, India, OJmn Ser.. Vol. XT, 
^Tp, 1 (UKiO). 
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Tlic resulte }?i,vcn in Tabln bA aii<l I V> bavt; iw tiotiM. ifnit juiuMofi'ni hrhnvH 
lilauoiy otlwr Imc in ncu(.nili«injf tin* .soil mruluia.-., luui \Uin) lin* ins.' ni'Ui 
power of a soil is [lari.ly or wholly SiiUsliod i»y any ni her !ias<i. i he aiiiouni of amhujuia 
“■ absoi’Lccl ” is (‘.onshh'nihly «uul nav “ven bi'ennu- nit, 'riien iuiv { he 

inetliod cannot be used for iLniiisuring ifn^ oolloidul hehavionr, Ihoii-dt il. rutihl b.^ 
used ibr measuring tlie saturation capacity oi coujple.iely uusatunded s.til,;.* 

Tabius 1“.A. 


Ammonia ahsof^tion by Alwlo noil (nuted ivith rufytnfj tvmotrtita of bydnuoh's 
after ike NI20IIGI treahmmt. {Smmjfh's oven dried inth e,fcrs^ of amwoma 
except in the case of ammmia soil vddeh ims left tn thr. oren w/fh o'ofrr ahou'..) 


M. oq. of 

Kx(!hangoabIo ions. M. eq 

. of ammoniii rMainod by vitriuiM 

‘niliipii'f! 


exohango- 









able base 



- 





1 . . 

per 100 









grama of 
soil 

Na 

K 

Li 

NIL, 

( 'a 


Sr 

I' 

Ba 

If) 

38-0 

.38*68. 

37*6 

17*«4 


bOlM 

03*6 

43*S<r 

30 

28*02 

: .26-2 

32*2 

32*64 

45*4 

b-LUl 

44*2 

37*06 

40 

20*12 

18*36 

32*(i8 ; 

43*4 





1)0 

17-02 

0*14 

22-02 

•Bl'/M 


4V*sr5 

27-8 

24* IH 

70 

5*22 

0 

Ml 

blt-fiti 


37-nH 

17-36 

H-m 

90 

0*94 

0 

2-34 

03*3} 





100 

0*C8 

,, 

•76 

64* LS 

13**4 

20*0 

U*'HH 

'3*(S2 

120 

0 

*• 

•64 

03*70 


17- 12 

«*72 ; 

1 

•M4 


Tablm 1-Ib 

Ammonia passed over air dry soil for Mi hovfs; air then passed for JH ktmrs. 


M. oq, of ox- 

K.^chaiigeablo huis. M. tui. of n-taifu-d }»y vju'iuu); 

tthangeable base 








per 100 grams of 











soil 

N» 

K 

Li 

Ca 

Me 

Hr ■ 

ila' 

15 . . 

70*8 

59*0 

62*6 


66-4. 

r,M 

fil-H 

30 . . 

56*8 

43*90 

56*8 

f»£-7 

61-4 

42-8 

37-8 

40 , . . 

4(5*0 

33*2 

:}6*2 





50 . 

37*6 

24*6 

30*0 


«i0*3 

30*6 


70 . 

21*4 

7*60 

1,7-0 


' .14*2 

26-0 

*1*6-} 

90 . 

9-4 

1*2 

14*3 





100 .. . 

5*4 

0*6 ] 

14*4 

28*1 

Vo-o 


*15-4 

120 . 

1 

2*8 

0*4 1 

15*3 


41-3 

13-2 

12*0 


^ Puri, A. N. Studies in soil colloids, Pari V, Methods oi deieruuniiiK Haturul iou faniicllv and 
degree of saturation of soU, Mm, Dept. Agri, India, Uhan. ISvt., Vd. Xi, No. B 


ASIAR NATH BURI 


123 


Heat OF WETTING. 

Heat of wetting was determined in a heavily lagged Dewar tube. No attempt 
was made to apply the various corrections, but the conditions were kept strietly 
tlie same for all determinations, 10 gram portions of soils were first dried in the 
oven {100 — lOS^C) and then kept in a desiccator over HgSO,^ for a week in an 
ante-T-ooin where the variation of temperature was small. As the redistilled w^'ater 
used tliroughout was kept close by the desiccator containing soils, both had 
attaineil the same temperature and no correction was necessary for heat transfer- 
ence from soil to water or t’-fceAiersa. 

The rise of temperature produced by adding 10 grams of soil to 25 c.c. of water 
w\as recorded with a thermometer sensitive to *002'’C. Results given in Table II in 
terms of calories per grm. of dry soil confirm the conclusion arrived at by Rate (loc. 
cit.) that soil with a monovalent replaceable base gives a lower heat of wetting than 
one with a divalent base. A possible explanation of this may lie in the fact that 
alkali saturated colloids are very slow to wet (cf. Mattson^). 

Table II. 


Heat of wetting of soil affected by the ncklme and amount of replaceable base. 


Replaceable base 

Amount M. eq. per 

100 grams 

Heat of wotting, calories 
per gram 

f 

16 

6-01: 

“ j 

30 

6-89 

1 

60 

6-98 

(■ 

15 

(Hi3 

Am J 

30 

0:49 

i 

SO 

5'fi5 

f 

16 

7-00 

Na .1 

30 

6-87 

[ 

60 

r?‘60 

f 

16 

0'54 

K . . , . , J 

30 

S5-S8 

! 

. 1 

60 

6-62 


^ Mattson, S. The influence of exchangeable bases on the colloidal behavioar of soil matiuials, 
ProG. First Ini. Oong. Soil Sci.f Washington (1928) Commission II, p. 186. 
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Tabu? ll—mitd. 



It is clear from Table II tliat beat of wetting cotiIcI not be used for ineaBiiring 
the absolute colloidal content of soils. 

It might be mentioned that the above reniai-ks only apply wIioto a, factor is used 
for computing the colloidal content of a soil from heat of wotting or NIT^ absorption 
data, or two soils compared as to their colloidal behaviour from vsuch data. If, on 
the other hand, the formula ii? ustsl, there can be no 

serious objection beyond the one that with the newer methods of mechanical 
analysis when maximum dispersion could he attained witli very little iroulile (see for 
example the writer’s NaCl — ^NaOH method) tlua’e is no justilication for Imving 
recourse to a more tedious process which ultimately rests on the mechanical analysis. 

Moisture absorwion. 

Absorption of water vapour from saturated atmosphere was the old method of 
determiuing hygroscopic co-efficient, the difficulties of which hav<i been discussed 
by tbe author elsewhere^. For instance, it was shown that the, “Hygroscopic 
Co-efficient ” could not he satisfactorily deterrained, even when the tcchni<pie was 
refined ebusiderahly beyond that reasonably possible in routine de. terminations. 


Mitsclierlioli^ lias suggested tliat liygroscopicity of tlie soil should he determined 
by bringing it in equilibrium with the XJfirtial pressure of water vapour afforded by 
lb per cent, sulphuric acid (96 per cent, humidity). Whereas the American Bureau 
of Soil workers recommend 3*3 per cent. H 3 SO 4 (~99 percent. Iruiiiidity) for 
the same. Puri et al^ suggested moisture ahsorption at 50 per cent, humidity as 
this occurred on the point of inflexion of the vapour pressure-moisture content 
curve and any error in controlling vapour pressure would only result in a small 
difference in equilibrium moisture content (Fig. 1). 

Another difliculty about my moisture ahsorption experiments is the definition 
of “ dry ” soil. The usual practice is to dry in an oven at 100 — 105°C. This has 
the advantage of rapidity hut much confidence cannot be placed in it. Drying 
over 112804 is to be preferred though the process is low. Both these methods are 
not infrequently attended with permanent changes in the soil colloids. 


Typical Vapour press curve 
of soil (Harpeiidem common ) 



Fig. 1. 

It will he seen from a typical vapour pressure curve for soil (fig. 1 ) that though 
smooth all along it is made up of 3 portions be., from 0 to 10 per cent., from 10 to 70 
per cent., and from 70 to 100 per cent, humidity. The interval between 10 and 70 
per cent, is sensibly straight and thus could be made the basis of expi-essing hygi-os- 
GOpicity of soils. The influence of the nature of the replaceable base is f elt greatest 
in the portion up to JO per cent, humidity and above 70 per cent, humidity. In 

1 Mitschorlicli, E. A. und lOoe-ss, B. Int. Mitt. BodenJt,, Ed. 1, Heft 6, p.'4G3 (1312). 

2 jpuri, A, N. ; Crowther, E. M . ; and Keen, B.A.. Jour. Atfri. Sci.t 16, p. 68 (1925). 
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tbe former cane, ii is due to hydratioi^ ani(l in I{itt(‘r, due i<s (Ih’. floeeidnted 
or deflocculated state of the soil. It would seem, tlierefon!, tlial. i in' speeilie infliienrr \ 
of replaeealde ions could be partly eliminated by <',ojisid{‘rinii: tlie. .sod in <‘<jndibriu]n 
witli 10 per cent, liumidity as ‘‘dry” from the. point of vie.w of i!yi>;r(».sro|)io. 
moisture. In Table III are recorded the results of inoisluro ubsorjiliou by 
dry soil samples (the same as used for heat of wetting) at 10, 50 iuiil 70 csuif. 
humidity. The values for 70 per cent, humidity are also given on tlic luisis of soil 
in equilibrium with 10 per cent, humidity as dry. 

Table III. 

Moisture ahsorftion Inj soils eonhvlniwj varyimj <mtoirnts of exchmyoahlc hases. 


E-^ciiaugoabk' ion 

Amoujit 

M. eq. per 

1 100 grm. ■ 

Eqtrir.iBiuuM jmoihwkk 

I’ERdiiNT. 

HaSOj dry basi.^ 

10 per cent, 
humidity dry 
lijisirt 

10 per cent, 
humidity 

60 jRfr (uuit, 

humidity 

70 per etmt. | 
hunu<Uty 1 

70 per 
huuddity 



16 

4-68 

1<M8 1 

J 2-9.7 

H-Ol 



30 

4-67 

y-90 

12-60 

7-69 



40 

4-61 

9 98 

12-71 

7-86 



60 

4-62 

10-0(> 

12-69 

7*62 

Na . . .s 









70 

494 

10-30 

12*72 

7*42 



90 

6-07 

10-02 

12-36 

6*1)3 . 

1 


100 

4-96 

10-00 

12*30 

7-0! 



120 

6'4C 

10-23 

12*02 

6 78 

■ 1 


16 

400 

9-76 

11*61) 

7*48 ' 



30 

3-19 

8-69 

10-16 

6*76 



40 

2 05 

■ 8-32 

]0-0,‘5 

6-87 



60 

2*93 

S-30 

9-Sfi i 

' ' 6*73 

■ K . , 





1 




70 

2-70 

.''7-72' 

9-30 

■ 6-43 



90 

- 2-70 ■ 

7-18 

: :8-49 

. 6-6S 



100 

2-69 

7-12 

8*or , 

6-87 



120 

2'63 

6-76 

8-08 

6-31 



1 
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Table III — contd. 




EQtriniBRITJM MOISTUBE CON'l’ENT PER CENT. 

Exchangeable ion 

Amount 

M. eq. per 
100 grm. 

H«S 04 dry basis 

10 per cent, 
humidity dry 
basis 


10 per cent, 
humidity 

60 per cent, 
humidity 

70 per cent, 
humidity 

70 per cent, 
humidity 


16 

3-95 

9*94 

12*60 

8*33 


30 

3-70 

9 44 

12*22 

8*22 


40 

3-42 

9*17 

12*16 

8*38 

Li . , 

60 

3-25 

8*68 

11*67 

7*98 


70 

3*34 

8*70 

11*97 

814 


90 

3-34 

8*52 

11*63 

7 93 


100 

3*43 

8*16 

11*39 

7*09 

■ 

120 

3*40 

815 

11*33 

7*67 

r 

15 

2*84 

8*50 

10*45 

7*33 ' 


30 

2*71 

i 7*67 

9*63 

6*64 

1 

50 

2*65 

7*26 

8*99 

6*23 

r 

15 1 

2*99 

9*17 

11*84 

8*39 

Sr . . 

30 

2*80 

9*4 

11*95 

8*91 

1 

m ] 

2-86 

9*48 

12*13 

9*04 

f 

16 

2-9(1 

9-01 

11*63 

8*41 , 

Ml! . . J 

30 

3*14 

9*10 

11*64 

8*04"-.. 

1 

50 

3*47 

8*82 

11*26 

7-63 

f 

30 

3*89 

10*66 

12*14 

7*61 

Oa . . 

60 

4*12 

10*87 

13*23 

8*36 

1 

100 

3*94 

10*08 

12*01 

7*09 

[ 

16 

339 

9*72 

12*12 

7*62 

Bft . . .1 

30 

2*86 

9*10 

11*48 

7*27 

1 

60 

3*63 

8*93 

11*66 

7*21 

H , . . 

120 

4*07 

10*19 

9*1 

mean 

12*61 

8*20 

7*7 

mean 
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The Tesiilts with 60 per cent, luuiiidifcy (H 2 SO 4 dry basis) as well as 70 ])er cent, 
humidity (JO fjer cent, humidity basis) are plotted in Fig. 2, It is seen that hygros- 
copicity on. tlie whole decreases as the acidoid is neutralized and dilterent ions liave 
their specific iiifluence in bringing about this change. The difference, thoiigli not 
very great, is in fa vour of adopting 10 per cent, humidity as the dry basis. The 
above result, s were confirnied with another soil series in which different ions liacl 
been introduced by exhaustive treatment with neutral salts. (Table IV). 

TxIBLE IV. 


InflueAice of reflaceahle ion on moistm'e absorption. {Soil from Hoosfield, Roilmmsted-.) 


Replaceable ion 

EqUILIBEITIM MOISTUItE OOETENT PEE CENT. 

60 per cent, htimidity 
{H 2 SO 4 dry basis) 

70 per cent, humidity 
(10 per cent, humidity 
basis) 

H ..... . 

3-94 

2 60 

Ai ..... . 

3-71 

2-74 

Ba ..... . 

8-20 

2-34 

■ Ca| 

3*98 

2*69 

H ' 

2-48 

2-12 

Na:|: . . 

3-10 

2-29 

There are .several other advantages, besides the one mentioned above, in adopting; 


10 per cent, humidity equilibrium value as the “ dry ” basis for expressing Jiygros- ' 
copicity of soils. Lying on a straight portion of the vapour presswe curve it can 
be determined with greater precision than the dry point. On this basis the 

vapour pressure curve up to 70 per cent, humidity being a straight line passing 
through the origin, determination of a single value will enable us to interpolate 
hygroscopicity at any other humidity between 10 and 70 per cent. Further values 
)f hygroscopicity given in this paper will refer to 10 per cent, humidity basi,s. And- 
erson and Mattson^ have found a positive correlation between hygroscopicity, 
base exchange capacity, and ratio- However, it is easily seen that the 

relationship is only qualitative. In Table V are given values for hygroscopicity, 
and base exchange capacity for clay fractions (-001 mm. particles) from six 
different soils. The various fractions were first acid treated to eliminate the specific 
influence of exchangeable ions. The results only show a rough correlation. 


^ Anderson and Mattson. XJ. S. Dept, Agri. BuU. No. 1452 (1926). 
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Table V. 


Hj/gmRcopicity and Imm OiKckvmje mpadty of chy fmdio tun J'mn dlfjWevl soih. 


CUay (rac.tiori 

Hygros(!Oj)i<!i{.y 70 p(ir 
conii, iiumiilifcy 

Band cixuhiue'ji riiiJafTilj* 

M. cq. per 100 gwa. 

1 . . . . 


3-21 

23 

2 •' ... . ' ' 4 


6*07 

31 

.. ■■ 3.. ■' 


. 6*31 1 

32 

4 . . • . 


6-63 

41 

6 


4*60 

, : r» ■ 

6 . ... 


2*68 

2-6 


We tluis see tliat in order to define eoin])letely colloidal ladiaviour of a. soil it is 
necessary to know its clay content, kygroscopicity and base (3xcliange capacity : 
th .0 first measures tlie size, second tlie surface developnuint, and third the surfa<u3 
reactivity. Eitlier one of these tells only a part of the story and togefcJior tiujy 
constitute three of the most important “ single values ” to characterise the. colloidal 
behaviour of a soil. 

The first two of these values i.e., tfie clay content ami hygrosiiopioity can be 
determined with precision, but a good deal of confusion exists in soil literature as 
to the exact meaning of base exchange capacity, a full discussion of which forms 
the subject matter of Part V of this series (ioc. cit.). 

A word about dye adsorption already referred to. This method for measuring 
soil colloids though old has been recently advocated by i\.inerioiUi Bureau of Boils 
workers and is based on a grave misconception, brouglit a}>oiit no doubt by the 
too frequent ii.se of the term “ adsorption It is to be remembered that only basic 
dyes are adsor])ed ” by soils and the phenomenon is an exarn[.)ie of ])UHe t3X<.‘,hunge 
so well known, and all the results obtained througli, dye “ adsorption ’’ could be 
reproduced with any neutral salt and much more precisely and quickly if the basic 
ioii can be determined easily by analytical methods. 

The shrinkage method of Tempaiiy ^ needs only a S,?rief mention, 'rcjuj^any 
takes the total shrinkage occurring between a moisture content defined us the [joint 
of maximum plasticity and complete dryness. This value, ho considers, uu'asures 
the colloidal content of a soil. Haines has pointed out ^ that, if difTcr(,‘n<u3S in pur<j- 
sity of the dry soil be neglected, the shrinkagei so measured depends ojily on thi3 
moisture content at the point of maximum plasticity and lujiuje a simijlc deternuna- 

» Tempauy : JoMf. Agr*. Na., 7, ;}12 (11117). 

JWei 13, 296 (1923). 
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tioii of moisture would suffice almost as well for making the comparison. As a 
“ single value”, it lias probably tlie same sigiiifiLcaiice as Keen’s “ sticky point ” ^ 
ibr wliick no sucli claim is made. 

Tlic method of Van Bemmeleii for determining the total (^^uantity of inoi-ganic 
colloidal inattei: in soils by chemical means (digestion with HCl and extraction with 
NaOlL etc.) is very old. On account of its tediousness it has not found much favour 
with the modern soil scientists. On the whole, it will proliably give as good a corrcla- 

tion with, other factors as the well known •'’' Aij|yF er 67 i'8,tio of Mattson. 

In view of the fact that a number of the proposed methods of measuring the 
colloidal content evaluate only certain phases of the colloidal behaviour of soils, 
it is better to ado])t tire very happy terminology of Keen and speak of them as 
“ Single Values”. This will clear a good deal of the confusion that exists as to the 
exact significance of these measurements. 

Summary. 

(1) Methods of determining soil colloids have been briefly reviewed. It appears 

that a number of such methods are affected by the nature of the exchange- 
able base ill the soil and thus could not be used for the purpose they are 
intended for. 

(2) It is suggested that hygroscopicity of a soil should be measured by bringing it 

into eq_nilibrium witli an atmosphere of 70 per cent, humidity ; and soil in 
equilibrium with an atmosphere of 10 per cent, liumidity should be con- 
sidered as dry basis for referring to hygroscopic moisture. 

^ Keoxi aud Ocnitts. Jow, A ^n'. (Sci., 18, p. 740 (1928). 


1-224—22-8-30— 600. 




PUBLICATIOMS OFTHE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA. 


TO SB HAD 3?EOM 

THE mNAQER, GOVERNMENT OP INDIA CENTRAL PUBLICATION BRANCH, BXPEPvIAL 
SECRETARIAT BUILDING, 3, GOVERNMENT PLACE, WEST, CALCUTTA ; 

THE SECRETARY, mPERIAI. COUNCIL OP AGRICULTURAL RESEAPvCH 
(PUBLICATION BRANCH), NEW DELHI ; 

' , AND . ■ 

ALL AGENTS FOR SALE OF GOVERNMENT PUBLICATIONS. 

A ©ompiete list sf th@ publications of the Imperial Department of Agriculture In India can 
oitelned m application from the above-mentfonei!. 

These publications are r — 

1. The AQrimltuml Journal of India. A bi-monthly dealing with subjects oonneotecl with agricultural 

econWics, field and garden crops, economic plants and fruits, soils, manures, methods of cultiva- 
tion, irrigation, ciiraatic conditions, insect pests, fungus diseases, co-operative credit, farm imple- 
ments, and other agricultural matters in India. Illustrations, including coloured plates, form a 
prominent feature of the Joiirnal. It is issued under the authority of the Imperial Council of 
Agricultural Research. Annual subscriplion, Rs. 6 oc 9s. Gd. including postage! Single copy 
Re, 1-8 or 2s. 

2. The Journal of tM Central Bureau for Animal Husbandry and Dairying in India. A quarterly 

dealing with cattle-breeding, dairying, cultivation and storage of fodder crops, animal nutrition; 
and other aspects of animal husbandry. It is issued under the authority of the Imperial 
Council of Agrioultimal Re.search. Annual subscription, Ra. 2-8. Single copy As. 10. 

3. Soientifio Reports of the Imporial Institute of Agricultural Research, Pusa, 

4. Review of Agiicultuml Operations in India. 

fi. Proceedings of the Board of Agriculture in India. 

fi. Proceedings of Sectional Meetings of the Board of Agriculture. 

7. Memoirs of the Iinj-ierial Doj>art:ment of Agriculture in India. 

(а) Botanical Seri<\s. 

(б) Chemical Series. 

(c) Entomological Bernes. 

(d) Bacteriological Series, 

(e) Veterinary Series. 

8. Bulletins issued by the Imperla] Institute of Agrieultund Research, Pusa. 

9. Books. 

' The f©l!owfeg are tlis pablicatioMs of the last two years : — ' 

Soientifie Reports of ilio Agricultural Research Institute, Pusa (ineludiug the Reports of tb.o Imperiaf 
Dairy Expert, the Pliysiologieal Chenaist, Government Sugarcane Expert, and Secretary, Sugar 
Bureau), for the yeai’ 1927-28. Price, Rs. 2-6 or -Is. 8d, 

• Scientific Reports of the Agricultural Research Institute, pusa (including the Reports of the l.mperial 
Dairy Ex])ert, Physiological Chemist, Government Sugarcane Exjjert, and Secretary, Sugar 
Bureau), for the year 1928-29. Price, Rs. 2-8 or 4s. Gd. 

Review of Agi’iculturul Operations hi India, 1926-27. Price, Rs. 2 or 3.s. 

Review of Agricaltui-ul Opeiations in India, 1927-28. Price, Es. 2-6 or 4s. 3d. 

MEMOIES OF TiiS BlPilEfMEFf OF AaEieU'I.TmE IN INDIA. 


Eotaniesl Series 

Vol. XVI, No. I. Studies in the Jowars of Gujarat: I, The Jotrnrs of the Surat District, bf 
IVL L. Patkd, M.Ag., and G. B. Patel, B.Ag. Price, Re. 1-6 or 26*. 3d. 
Vol. XVI, No, IT. Studies in Indian Chillies ; I. The Types of Cajisioum, by F. ,T. F. Shaw, 
o.SG., A.K.O.S., E.L.s,, and Khan Sahib Abdur Rahman Khan. Price, 
Re. 1-8 or 26. 64. 


1 


C, S. Vol. XI—Nob. G, 7 & 8, 


Botanical Series— 

Vo), XVI, No. III. Foot-rot ami wilfc of Anlirrhiminis canstnl hy inin var. 

uniirrMni n.v., hy S, Sondaharaman', m.a., fiiif) N. it'iMAuui^nNAN. 
M.A, Price, Ko. 1 or 

Vol. XVJ, No. IV. Further .Studies of Jndmri Grasses iuul GnisH-.|iu»da, S*y \V. iini;?,,-!. r>.i-ic, 

Kwxkarm, M.Ag. (Bom.), uml iS. It. Gui.noi K, mx.-. (Bimi.). 
Price, Be. l-‘! or 2.S’. JW. 

Voi. XVI, No. V. Studios of SugarcaMO roots at (lUhsroiit stiigcM (tf grewth, hy Bak IhAii.wxru 

T. S. VB 2 jiKA,mAMA.Ni :n,A., and R. Tuomah. Price, Ax, i;i ur r-a ikl. 
Vol, XVI, No. VI. Studies in Indian Pulfitsa : I'. Bontil {Ph'iniin Ir.ii.'i Jdtui.), !>y l'\ d, Huaav, 

33 .se., a.e.(3.s,, iMj-s., and Rakuai. Das Bosic, a, sc. Prirc-, U.o. DR! or 
2ii.Gd. 

Vol. XVI, No. VII. PylUnm apJmnidmmium (Eds.) Fit/,, on Opiintin DUknii ilaw., hy 'P. S. 

Ramakkishxa Ayyar, M.A. Pricse^ 3\s. H or lOti. 

Vol. XVII, No. I. Non-dehiscenco of Anthers in Piinjal) Aniorioaii Cottons, hy Trna or ' rumrtsnT, 
M.A. Price, As. 4 or fid. 

Vol, XVII, No. II. Stndie.s in t.ho Wilt Di.s()aso of fJottoji iri the Bombay Kiirnatalv, Series 1, 
by G. S. Kttokarni, M.Ag., and R. R. McrNOKiUi, .m.a.; witli au Intro- 
duction hy Hako],13 II. Mann', 3)..se. Price, As. U or Iv. 

Vol. XVn, No. III. Colton Wilt, by jKjrANOiH FAUi>UN.n DASTint, m..sc. Price. Be. 1-4 oi 

2.S. M. 

Vol. XVIT, No. IV. Studies in Irdw^ritaiurr in Cotton l»y RTohammad Araao, r.ho. (A'^ri.) . A.i.r.'j’..A 

Pi ic(!, As, 14. or Is. (w/. 

Vol. XVIII, No. I. The Calctdation of Linkage Val<ic.s, A CoTnparisoii of Various Middiods, by 
MAHiitJ.H Ar,UM, m.sc. Price, Re. I or Is. Wd. 

Vol. XVIII, No. 11. Root. Development of Rico under dilhmmt coJiditJons of Growtli, by R. L. 

Smn, M.Hc., B.Bu,, M.R.A.H. Piwc, Ab. 14 or 1«. tlri. 

Vol. XVIII, No. Hi, Studios in Indian Dilscod.s, No. .“I, Oarthaiivm Unctoriwt Linn. Tins Types 
of Safllewcr, by Khan Saiuii Abduh Rahman Kuan. JV.ee, As. 4 or "ni, 
Vol. XVIII, No. IV. Studies in Gujarat Tobacco anil their Jinprovmnont, by V. M. MA.muT)AU, 
B.Ag. Price, As. 12 or l.'f. ‘M. 

Vol. XVIII, No. V. Studies in Lulian Oilseisds, No. 4. Thu typesa of Se.mmum indiom, by Kahhi 
Raai. Price, Re. 1-8 or 2s‘, (Uf, 

Vol. XVIII, No. VI. C!lassiiicat.ion and Sisidy of the Characters of the cullival/cd HicoB in the 
United Proviuce.s, by R. L. Sktiii, m.so., h.se., m.I4,a.s., and Rawanti 
Prasau Saxeka, li.Ag, Price Re, 1-10 or 2'?. iUl. 

Vol. XVIII, No. Vn. The IniuTilance of Cliaractei'B in Rico, Part 111, by K. Eamiak, n.Ag. 
(Madras), M.sc., dip. agri. (Cantab.). {In the press.) 



Vol. 

X, 

No. 

I. 

Vol. 

X, 

No. 

H. 

Vol. 

X, 

No. 

III. 

Vol. 

X, 

No. 

IV. 

Vol. 

X, 

No, 

V. 

Voi. 

X, 

No. 

VI. 

Vol. 

X, 

, No. 

vn. 

Vol. 

X, 

No. 

vni. 

Vol. 

X, 

No. 

IX. 

Vo3. 

X 

,No, 

X. 


Chemical Series 

Feeding Experiments at Karnid, by F. 4. Wautii, M.ac., and F. J. Go.s>sii>. 
Price, As. 8 or 'ML 

Soils of the Punjab, by Da. P. E, LANOKii, m.a„ p..s(!., a.i.o., Dn. Ram.ti 
Naeain, 33.se., and Metita Moi£ani3 Lai,, ii.se., r,.Ag. J'rioo, Rs, ;m 4 
or <].?. Qd. 

Aduitei'ation of Riittf3r and Ghee with Animal Fat ami Voge.Lahle Ghoe, i-nd 
its Detection, by PifANinnuSAM .Sanyal, M.ae. .Priee, 'As. fi or dfh 

The Application of the Antimony .Electrode to the Dotermijiation of tho 
p.ll value and the Janie Rcijuirernent of Soils, by W. if, hAKtusuN, n.se., 
and .P. N, Vjuoiiaoiiaiam, u.a. Pric As. fi or <!.-/. 

Some Digestibility ^’rials on Indian Jhasding .Stulls, iV. Some PiinJal) 
luii's, by Ih J?. JjANdku, js.a., o..se., a.j.h,, ami J’ANnri' L.al Cuam'D 
DnAitMANi, i,.Ag„ n.sc. (Agri.). Prieo, As. 7 or !)d. 

Some Digestibility Trials on IniJiau JAicding Stuti's, Ih'e.ding 'i’rials or, 
A.ineriean and Indian (.,'otton Seeds, liy f'. C. .LANnim, m.a., (i.sn., A.i.r'., 
and Panuci' Lai. Oiiano Diiauaiani, ij.Ag., .n.se,. (AgrI.) Price, As. 7 or UrL 

Some Digestibility Trials on Indian Footling .‘xtuifs, \'^L (R-oen l^’otldcrs and 
their Silage, by P. E. I.ANimi, m.a., n.Kc., A.i.n.,!uid P\NmT l.,vi. (JiiAxn 
DnAitMANi, B-Ag., B.SC. (Agl'i.). Price, As. 10 r.v Is. 

A now Method of Dlsper.siiLg Soils for Mec!iaui<-al Analy.sls, hv Awaii Katu' 
P0Ri,M.sc., Ph.D., A.T.C!. Price, As. fi or tiff. 

A Study of Capillary Rise of Water under Field C inditioiis, hy Aahi’tusk 
Sen, M.SC. Price, As. S or 6d. ' ' 

Silage Investigations at Bangalore, by T. S. KinsiiNAN, b.a. i’rieo, A.-r. 10 
or 1 ?. 


Vol. 

XT, 

Nos. 

I & ri. 

Yol. 

XI, 

No. 

in. 

VoL 

XI, 

, No . 

IV. 

Vol. 

XI, 

No. 

V. 

Vol, 

XI, 

No. 

VI. 

Vol. 

XI, 

No. 

^HI. 

Vol. 

XT, 

No. 

VIII. 


Chemical Series—G<m^i?.. 

Studios ill Soil Colloids, Part T — ^Base Exchange and Soil Acidity ; P art II — 
Factors influencing tho Dispersion of Soil Colloids in Water, by Ajiae A’at!.- 
Pinax, M.sc., ph.n., aj.c. Price Re. 1 or Is. 9d. 

Feeding Exporiments at Hosur, 1926, 1927 and 1928, by F. J. Wautk, m.si;. 
Price, As. 7 or 9(Z. 

The Nutritive Values of some Typical Indian Hays, by F. J. Wauth, ir.sc. 
Price As, 5 or 6d. 

Tho Nutritive Value of Gram Husk, by F. J. Wahth, 5i.sc., and Lal Ckass 
SiKKA, B.sc. (Agri.) Price As. 6 or 8d. 

Studies in Soil Colloids, Part HI : Flocculation of soil colloids, by Aiviab Nath 
PcTBT, Ph.n., M.SO., A.I.C. Price As. o or Od 
Stuclie.s in Soil CoUoids, Part IV : Methods of estimating soil colloids, by Amab 
Nath PuBi, ph.D., M.sc., A.i,o. Price A:;. .5 or 6d. 

Studies in Soil Colloids, Part V : Methods of determining saturation capacity 
and degree of saturation of soils, by Amab Nath Pitet, ph.n., m.sc., a.i.o. 
Price As. 3 or 4d. 


Entomological Series 

X, No. VII. A Contribution to our knowledge of the Thysanoptera of India, by T. V. 

Ramakkishna Ayyab, B.A., ph.D., B-Z-S- Price, Be. 1«9 or 2s. 6d, 

XT. A List of the Generic Names used for Microlepidoptera, by T. B^uuBEiGai; 

Fbetoheb, R.N., I’.li.S., E.B.S., s'.z.s. Price, Rs. 3 or Ss. 3d. 


Bacteriological Setifeis 

Vol. II, No. HI. Nitriiication of Calcium Cyanamide in some Indian Soils, by J. H, 

Walton, m.a., m.sc. Price, As. 10 or Is. 

Vol, II, Noi IV. The Influence of Exchangeable Ions in Soil Colloids on Bactorirh Activity 

and Plant Growth, by N. V. Joshi, 'B.a., m.sc., L.Ag. and A. N. Pitbt, m.sc,. 
1 ‘h.D., Aa.a. Price As. 7 or 9d. 


Veterinary Series 


IV, No. IV. Nasal Granuloma in Cattle in Bilvar and Orissa, by Kai Sahib P. N. Das. 
Price, As. 3 or 4d. 


Bulletins issued by the Imperial Institute of Agricultural Research, Pusa 

Root-rot and Sclerotial Diseases of Wheat, by L. S. Shbraihanidm, p.l.s. Price, As.-i,, 
or Sd, 

A Study of the Locular Composition in Cambodia Cotton, by V. R.A,MAi!rATHAN, 

Price, As. 7 or 9d. ' 

A Leaf Spot and Blight Disease of Onions, caused by AUernaria palandui, nov. sp., by % 
C. Eangaswami Ayyangab. Price, As. 6 or 8d. 

Stem-rot of Berseom, caused by JtMzoct07iia Solani Kiihn, by Md. Taslim. Price, As. 8 
or 9d. 

Life History, Bionomics and Control of Myllocems mmulomis, Desb. (Curculionidfio : 

Coleoptora), by Kibab Nath Tbihan, m.sc. Price, As, 14 or 1,9. Od. 

Investigations in the Bacteriology of Silage (1926-27), by J. H. Walton, m.a,, si so. 
Price, Ap. 6 or 6di 

A Mills: Fermenting Yeast, by 0, S. R^iisi Aa’^ae, b.a. , Price, As. 5 or 6d. 

List of Publications on Indian Entomology, 1927. (Compiled by the Imperial Entomolo* 
gist.) Price, As. 6 or Gd, 

The Cultivation of Lac in the Plains of India, Laccifera lacca, Kerr., by 0. S. Misha, T!. a» 
(Revised Edition.) Price, Rs. 4 or 6a. 9d. 

A Prolirnimuy Note on the Rice crop in the United Provinces, by R. L. Shtiit, Tii.dc., 
B.sc. (Agri. Edin.), m:.r,a.s. (London). Price, As. 7 or 9d. 

The Production of Cigarette Tobacco by Flue-Curing, by F. J. F, Shaw, b.sc,, a.e.o.s,, 
X'.L.s., and Kashi Ram. Price, Re. 1 or Is. 9d. 

Design for Farm Buildings, by G. S. HEKDEESoisr, n.d.a., n.d.o. Price, As. 6 or 8d. 

Tho Improvement of Dharwar-American Cotton by Hybridization, by R. K. Kulkabni, 
B.Ag., and T. R, Khadilkab, B.Ag. Price, Rs. 2-2 or 4s. 

De-scription of a New species, Dipylidiwm caiiis, n, sp., with a Note on tho Genus Dlpyli- 
dium Leuckart, 1863, by Amab Nath Ghlati, m.So. Price, As, 6 or 8d. 

Agricultural Implements and Machinery at Pusa, Part I : Cultivation Implements and 
Machinery, by G, S. Hendebson, n.».a., n.d.d,, and Abjhn Singh, L.Ag. Price, 

■ As. 12 or Is. 3d. 


No. 

177. 

No. 

178. 

No. 

179. 

No. 

180. 

No. 

181. 

No, 

182. 

No. 

183. 

No. 

184. 

No, 

185. 

No. 

186. 

No. 

187. 

No. 

188. 

No. 

189. 

No, 

190. 

No. 

191. 


S 


Bulletms issued by the Imperial Imtitute oi' Agdexiitiiral Eeseiwulis fmn-eonid. 

Agricnliural Implomonta and Maisliiiiory at Pusa, l?iirfc Tl: au({ '.I'hroslimg 

Iinplernonts and Machinery, by G-. S- Hunjimison, n.u.a., k.p.u., anul Ailjun SmaH, 
n.Ag. IMoo, As. 6 or 8d. 

Agricultnral Tmplomcuta and Machinery at Pnaa, Part 'll! i tS{HU'l'il and Mi.si.‘el!ane<ni» 
Implomonts and Machinery, by G. S. H'BNDP.kson, m.tka,, n.d.u., and Aimuk Sinoh, 
n.Ag. Pvieo, As. y or 1.9. 

Agricultural Implements and Machinery at Ihm, Part IV i .Power .laiplemeuts and 
'Machinery, by G. S. Hbtoeesoh, n.d.a., N.n.n., and AiwitN Sin<ui, n.Ag. Price, 
As. 12 or 1«. 3d. 

Some Diseases of Crops in the Andaman Islands, by M. Mitka, At. so., PricjO, Aa, 4 

■ or 6d. . 

Tho Cotton White-fly (JSemma goss^piperda, n. sp,), by Rai Baliadur 0. S. MiaiiA, B.A., 
and KAEAAt SiltQH Lamba, M.SO. Price, As. 10 or 1.9. 

A Contribution to our knowledge of South Indian Coccidae, by T. V. Ramakuiskna Atttae, 
B.A., Bh.i>., B.K.a. Price, Rs, 2-12 or hs. 

Tho Production of Oranges in Spain, hy W. .Robektson Ruowjj. Prii^t?, As. 0(ir .Sd. 

Tho Problem of Rinderpest in India, by .T. T. Edwaed.s, n.se., m.is.o.v.s, Prioe, Re. 1-4 
or 2.9. 3d. 

List of Publications on Indian Entomology, 1928 (compiled by the bnporlal Entomo- 
logist, Pusa). Price, As. 7 or 9d. 

Sorospormn Panpali McAlp. on Paspalum mrobicuhilum L., Kodra Smut, by Abous 
Sati’ae, b.sc. (Ag.). Ihice, An. 8 or lOd. 

List of Publications on the Botany of Indhin Croiis {compiled by E. .T. E. Suaw, l).8o,, 

A. E.O.S., and Rakiial Das Bo.sis, n.sc., F.n.a.). Pritic. R.s. 3-S or <>,9. 

The Description of a New Jduko found in tJio llouat) Prow' {Uan>i» ,'ipt.t:ndcnii), Ify 

V. R. PiiADKBi, o.B.v.o., and Amae Nai’k (.JuiA'rr, ausc. Price, Ah. 3 tir 4d. 

A Method of increasing tho Manurial Value of Bono Phoaphatc, by N. J). VvA8, n.Ag, 
Price, A.S. 8 or lOd. * 

Tho Grain-shodding Character in Rico Plants and its Importance, l)y H. G, .IbrABElU0„ 

B. Ag. {Inthe j)ress.) 

A Noav Method of Estimating Total Carbonate.s in Soils, by Aauh Na'i’e .IMou, ai.-ho,', 

A.I.CI. Price, As. 3 or 4d. 


m. 

183. 

No, 

193. 

No. 

194. 

No. 

195. 

No. 

190. 

No. 

197. 

No, 

198. 

No. 

199. 

No. 

200. 

No. 

201. 

Na, 

202. 

No. 

303. 

No. 

204. 

No. 

205. 

No. 

200. 




MOJPC^M~IlI.1.223-in.l.224—JII-I.L>2.>-22.8.30-l,fi9(). 


W'heat in India, by .ik.BEEi' HetWAEU, m.a., a.r.o.8., F.n.s., and GABiUKUm h, 0, HowAun, .u.a. 
Price, Rs. 5 or 76, 6d. 

A Description of tho Imperial Bacteriological Ijaboratory, Mukteaav; .its IVork ami Produefe.’. by 
Major J. D. E. Holmes, m.a., n.sc., M:.u,o.v.a. Price, As. 8 or 94. Hin.ii and iTrdn 
Editions, Rs. 2-4 each. 

Agriculture in India, by .Jaaies Mackenna, ai.a., t.o.s. Price, As. 4 or ilf?. 

Some Diseases of Cattle in India. A Handbook for Stook-owncjra. (Revised in 1927.) .Price, Re. 1-4 
or 3 . 9 . ■ 

Report on the Diso.i.ses of Silkworms in India, by A. PuiKunn Jame.son, b.sc. .Price, Ra, .3, 

The Importance of Bacterial Action in Indigo Manufacture, by G, M, Iln'roifiNsuN, .b.a. Price, As. 2. 


Motioe 

All new publications are included in tbo above list and are regularly posted to all on tlie mailing 
list as soon as issued. Unles.s comp]aint.s of non-receipt of any publication aro rectiived by rim Mam.i'» 
gev, Goverunient of India Central Publication Branch, Imperial Secretariat .Building,' 3. tlovoni- 
ment Place, West, Calcutta, within six mouths of the dale of issue, duxdieato copies can bo so.pplicid 
only on paymenl of cost and postage. 


'I 


4 


Chemical Scries 


A^moirs of th^ 
b^partm^nt of Agriculture 


Studies in Soil Colloids, Part V 

nethocis of determining Saturation Capacity and degree 
of Saturation of Soils 


HnnR NFiTH PURI; Ph.b., n.Sc., EA.C. 

Late Physical Chemist, imperial institute of figricuitural Research, Pusa 




lAPERIAL INSTITUTE OF ?IQRICULTUR?!L RESEi^RCH. PUSPl 


Calcutta: Government of India 
Centra! Publication Sranch 
1930 


Price Pis. 3 or 4d. 


§oveEftaieii| of Mia obiaiiiaMe Ivom. Ite llov8rom,e!il oS IiMiitl 

: ^ Geiifeaf PafeiicaiQii Braaeto, S* ■teemsiienS; Fte, ¥/esl, €atealte, aai 
fpoBi i'lie following ilgeiits s— 
lUEOPE. 

OiraiiiiP-iwraiTiaUOOMMIHSKmiiiaiiVmiWrH'A iiooiiiJ, Ar.i.ivvoii.LONDOK.W.i'.i',. 

Aiitl at BocllKoHi-'K!. 

lEMA MB CElIiOH ; Fro’dneM Book Dopois, 

a'instAs:— Siiiicrtnicu'b 'it, Qovermafiit I'i'owi. Mount. Iloa.!, i\!,ii.(!ra;5. 

Ui ’/anuiK! .1; i J-jolc Doi*.-)?,, Iloa-l Qiiei'n’:! Uo;u1, .Uomliay. 

S<:,'T) ;~Libr:uv ixttficlii-.i t,o tins Oinoo of thn Coniiuteiionoi ' m t'.hul, Cnraciii. 

Ei?>rc! ir. Bct.iTt.iriafe ItooH Dopot., Writer, -i' .itiuiainf's, Eoom Ko. i, CrouTiil Moor, (IfiiauUa. 

Usn'i;-!'! 'pl>ovi^n'Kri op ..uti.v a,.'?!) Ouiih:— S upa-iutewlenfe of iloverntuaub I'te.w, Uiiiliud Proviurc^ of .Ai;r:i and O.ol'.k 
Allahaliad. ^ 

Punjab ; — Siijicintitendcnl:, Goverauieu?. 'PdoLiiuf, Ptinjalv Iiulioro# 

Bupaia :—Suvirriid eudoa', Oovornnient, Printing, Burma, .Eaiigoon, 

CENiiiATj PiifiviNOKa A'. '» Bui! All :~Si!noriut.e!ideiit, Govornreent Priidins, Coutral I'rovinccs, NaRpTir. 

ASSAAt r—Stif'i'riivtnndon , Aas-''in .Scc-iattariai Presu, Shillong. 

Biuas ano Oiur:SA;~S.:i)nriut.-uih;)>t., aovernmont. Printing. Bihar a,nd Orisaa, P. O. (Uilzarliiigh. Patna. 

COORO OmcG or tho 'ihifti' CoonniAirioner of Ooorg, Bangaloro. 

North- W usT VjjoNi'iKii PuovinCu:-— M anatier, {government Print, Ing and StatioruTA', Pc’aiiawar. 


Thacker, Spink A Co., (,! .Jc.utta and Simla. 

W. Ncwnina A'. Co., Ltd., Cidciitta. 

S. K. liililri.‘; f'o,,(:.iii-i-iU. 

The Imlijm Suiiool Bupi.';/ I)cp6t;, ttot). Bow BiW.ur Street, 
Ofacut.t;>. 

Buttorwortli & Co. (Iml',). T.td., Culentta. 

M C. Sacear A Snna, i5 .liege Bo.imvr,, Oalcui.ta. 

Standard Litwatnri; Con pany, Liiiiitwl. CfdeuUa. 
Aasoclation Proan, Calm ttii, 

Clmkorvertry, ChutterjoL & Co., Ltil., 13, College Square, 
Cidcutta. 

The Book Company, Cah utta. 

Janifib Murray & Oo., 1", Coveniineut PlH<!e, Calcutta. 

(For Meteorological l-’iildlcuUoiw only ) 

Ray Chomlliury ifc Co., 03-5, Aahutoah Mnkhcrjl Road, 
Cakmtta, 

Scientific ikilitishiu'r Co., t), Taltnla Lane, Calcui.ta. 
Cluitleri'.'c A Co., 204, Cotuwnlliri Street, tUdcnlta. 

StmidiU'd Lav; Bock Society, S-2, 11 .•istinue Street., (,l:ileutta. 
The llindu .I/il.-rarj', 11, Kanrtiiliil Alallick Lane, C.deutta. 
ICarnalii Hook BepOt, f.td., 15, Oolie.gc Square, Cclciitta. 
Bengal Flying ('lul), iMna Denn Ce.ntt,, on Aviation. 
Kali'Oliriraii A- Co., 'jM.!iJiieipiil Market, Cale-uthi. 

B. 0. Ba-’ak, F.sii., Proprietor, Albert Library, Dacca. 

Mitra Brothcrii, r„ajahithl. 

Ill,jfj;inIiothaiiis, Madras, 
lilochoust! and Sons, Madras. 

G. A. Nateson & Co., Pnljlishcrs, George Town, Madras. 
Theosopbicid Publishing llonso, Adyar, Madras. 

P, \ aradaehary & Co., Madras. 

S. Jfnrthy A' Co., M.'adra.s. 

City Book C •„ M'ldrnii. 

Bright & Co., Trivandriiin. 

The Hooklover’s Jlcsort, T.iikad, Trivandrum, .South India. 

13. M. fiopnl'ikrisltna ICoim, Pudumandapam, Miadura. 
Central Book Oetict, Madura. 

Vljapuv & Co., Yizagaj)a,tiim, 

Timelier & Co., l.td., Bombay, 

.D. B. Taraporevida Sons & Co., Bombay. 

Sunder Pandurung, Bombay. 

Itn u Chandra Govind A Sons, ICalbndcvi Eoad, Bombay. 

N. M. Trip itlii A Co., Booksellers, Priuees.? Street, lialljadevl 
Road, Bombay. 


Tim Km'.bVfi Boolist di, R.-tnielii. 
Th.', Standard Book:, tali, Lbrntta. 
D. P, MalimU'ii, 


hldw.irdeii Hoail, Rawalpindi, 


Nainll.nl, MuaR 


. 1 , Riij" A; Stoii;;, B! li, A 
Miirree and Lidiore. 

The tdamlard Book Itepdt, Lahore, 

D.alliou .U;, Amhalc. Cantonment ntnl U. 

FJ. B. Matliur, .Sii(idl.., Nio'.ir Iv.iimu linn! iTi 
Ttm .Noith tndtn Chri-.ii.tn Tr.o't. and B( 

Clive Itoad, Allalmbud. 

Ra.o l>u,y;tl Agarv.ala, LSI, ICatia, .Vllaiiabiid. 

Banin iv..iia, All.di ib.ui. 

The Indian Army Book Dei'.'t, I i,iy.Uli.i’‘,h, \'mu, 

Nar.iyan A. Co., .deston i oad, C.iwiip re.. 

" Army Bool: Deitrtt, Julluiulur City dniry.’ig.inj, 


■I), Allahabad, 
ok Soeiety, !>’■ 


, Lucknow. 

ic, Ltd., Literal, lire Palics, 
,, Mulld-i-j\m Pi'e'e., Lahorf 


New and Secondhand Bookshop, Kalb.aclevi Road, Bombay. ■ m 'I'n,, " ti’o' 

Mm. Iladhabal Atui.iram Sagooii, Kalbadevi Road, Bombay. ' in 

J. J£. Paiidia & Co.. Bombay. i 

Gatulal & Co., Bombay. 

A. II. Wheeler A Co., Allahab.ad, Calcutta and Bombay. 

S. Covind & Co., Sandlmr-t Hoad, Cirgaou, Bombay. 

Bombay Bonk UepOt, Girgaon, I'nmbay. 

Bcnnef.t Colenam A Co., JJd., The ’times of India Pro 
Bombay. 

Proprietor, New Ritabkliana, Poona. 

The W' 


Tim Indiai 
DcUii. 

i Malinger, Nowal lvi>i 
' The iipper India PitLii.-bin.-, Iloi 
Amiiiiidd.tula Pai'k, i.iii'ioanr. 

I Rai Sahib Al. (inlub Singh .V, hot 
i and AliutiatiiUl. 

1 R.im.i hrkihna w. Sonn, Booliaelltra, Aiuirkali, Laiiore. 

1 Puri Urol, hers, Booksellera and i'nbihdur.i, Kali'ln-ji Road, 
j Lahore. 

I The Tilak School IJriokaluip, l.ahorc. 

{ 'i'lm .Staml.'inl Bookaiidl, ladiorc. 

! The I'roprietor, Punjab Saiitikdt Book DepAt, .S.iidiiiifcha 
I !3(:reet, .l,ahorc. 

I Tile liiauuiime I'uldieity Co., (,td., I.aliore. 

I The I’uuj.ih ReItgiouH Biuik SoeU'iy, l.ahore. 
i The CommeiTiiU I'.oiik l^o., Jiahore." 

! Ihe 1 iiivi rsity Book A.,eUey, eaih.ii'i Itnail, laheie, 

I Manager ol tne liupenal Booh in jiot, o,;, Chulalia;. Chawh 
i Street, iJeliii. 

i Fimo Bonk Agency, New Delhi. 

; U.\iord Book and Stationery Company, 
i Simla, Afecrid, and Cahaittu. 
i Suialt.., Amenean ilaptkt Mia:, ion Pre: ', itaugoon. 

'.riio Aloderii Publishing House, l,td., :aj, Phuyre Street, 
Ranguou. 

I Burma liuok Club, Ltd,, Rangoon. 

liitavad.i,” .Nagpur. 

, Booksellerii and .'ll .-iLiom m, .Sitab.diil, 

Nagpur. 

, S. C, Xalukdar, Proprietor, .StudenfH A Co., fooeh Behar. 

! The IMaliager, Ceylon UhserVer, Colombo. 

I The lilauager, T’he Indian Book Simj), lieiiare.i City, 

1 Naiidldutnire & Bros., ChimJr, Ben.-uin ihty, 

iti .SilvilUputtnr Cteojieuitive, Traiiiiig limmi, Lid., Sri- 

vilUputtur (.S. J, It.), 
itaghurmth Prasaii A Sot 


Luimi'i 



The StaniLard Book and .Stationery Co., 32-fi3, Arbab 
Road, .Peabuwar. 

R. B, Uuiaclikar & Co., The Bharat Book Depot, Dharwar. 
Tha StvuientP Own Book IicpOt, Mr.rwar. 

Shri Slnukar Karnataka Pust.ika Bhandara, Mal.-iramidL 
Dharwur. 

The Standard Bnokstall Karachi, Quetta, Dcllil, Miiriee 
and RnwHlpind.i, 


akahiya saliayak SaliaUail, i.td., Bjuuilu. 
ivi. C. liotijari, .ilaipiira liood. Bar- da. 

The llyderab.id .Book Uepid,, Chadergh.it, liyderalmd 
I {Deijcan). 

I Thukur At Co., Amraoti. 

I S. dvrishunawamy ii Co., Tepp;ikulam P. O., Trichmoijoly 
Fort. 

National College Teachers' Guiou Book Depot, Tciehimnmly. 


Tho Karachi Book Dopflt, Elphiiifitoue Street. Came *^hpottuU'udeat, ihuigaioro l'ro£.i, Lului View,’ Mysore Koud, 
KaraoUt. ’ I Bnugaiore city. 

AGKsa' IN pAiiESTisjj ;~Stelmat?.ky> Jerusalem. 


STUDIES IN SOIL COLLOIDS, PART ?. 


Methods of determining saturation capacity and DEGREiii oif 

SATURATION OF SOILS. 

BY 

AMAR NATH PURI, Pli.D., M.So., A.LC., 

Late Physical Chemist, Imperial Institute of AgriGuUural Research, Pusa. 

{BeGemd for piMioaiion on 3rd November 1939.) 

Tiie state of saturation of tlie soil. (V) is defined by Hissink ^ as tlie ratio of the 
amount of absorptively bound bases in the soil (S) to the amount of bases tlie soil 
is capalile of binding (T), both values being expressed in equivalents. Tims V== 
S. The value T-— S is the acidic hydrogen, that is the stilUDnisaturated hy- 
drogen of the clay and humic acid This is the most comprehensive and clear 
cut definition yet known. It is only in the experimental determination of T and S 
ihat the utmost confusion prevails in soil literature. 

Hissink himself who corapa,red ten ditlerent methods * found the degree of satuiva- 
tion for a single soil varying fi’om 22 to 88. He came to the <3onclusion “ that 
when referring to the degree of .saturation it is always necc'ssary to mention tlie 
method used 

This is also shown in a striking maimer from, the measuremeuts of surface acti ve 
hydrogen in a completely unsa,turated soil (Akola) liy various methods (Table i). 
The soil was first treated with HCl, so that it could develop the maximum 
amount of surface active H. 

Table I. 


Surfaoo 'active J1 (M. 

pe • 10 f'l'fiMri *■ 
of soil). 


Hopkins . 
Daikuhara 
Loew . 


[ 3*38 
2 00 


Jones 


3-89 


MliwiJnk, 1). J. Njc. Tm-HS. 20, (iO (1925). 

'•* iiissink, 1). J. I lepKu 1. on Soil absorption. Pyoc. First Inf, . Cong. Soil Sd., WdsJnngfen 
i 133 ) 
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Table 1—mntd. 


atetliocl 

iSn!'l'a,C'o activf^ 1 1 (Al. eq. 
per iO gnuna 
of Hoil) 

Kappen (single treatment) . . » • • “ * “ 

3’87 

Exhaustive treatment Ba aootato . ... « . . 

G-G7 

Hutchinson and Maolcnnan . . . . . . . 

4-4 

Veitch . . * • « • * • • • 

4-72 

Truog 

6-()0 

Tacke , 

5-90 

pH7 

5-10 

(S) Hisaink . . • . • • • • 

]2‘0 

Gedroiz . . . . . ... 

4-4 

Author’s method to ho described later ...... 

7‘6 

Excess Ba{OH)a added and washed for 3 months in COj free atmoaphoro , 

0'6 


Wlien variations of tlie order indicated above are confronted in tbe measure- 
ment of a certain factor, tliere iimst be sonietliing v(‘ry seriously wrong with tluj 
principle underlying some of the pro]>osed methods. In otiun' words, iliey do not 
measure what they are supposed to. 

In soils containing little CaCO.,, the detorminai ion of (S) valut' ])rcs('tds no serious 
difficulty ; almost any one of the well known methods sundi as llissink’s, (lednhp/s, 
Kelley’s, Bobko- Askinasi’s could be used. The dillicnlty tirises, liowe.ver, on .‘icc.ouni; 
of the fact that various workers lia,ve got a ilifieirmt eoiKMiplion of a, sutaii-nUHl soil. 
Bor instance, Gtedroiz thinks that, when a soil is (>x!iaiisjiv<;ly trim, led with K. !»a(j] ^ 
solution, its saturation capacity is reached n,nd tlu! degri'c of sa.tnru1Iou is nu-asiircd 
by the total amount of acid set free by Uk.i above solution, it ha,.s liccn shown in 
Part I of these studies that only Hj is replaced by neutral salt reaction, a., (|uuntit\' 
which is approximately one-third the total anmnnt of surface ac.tive liydrogcn in 
a completely uiisaturated soil. Ctedrow’s method thenifore cainiut jneasui'e. fhe 
degree of saturation of a soil, in other w'ords, a soil tlia,t will lai shown by Ids mcnuHl 
as saturated may bo very much unsaturatt'd. Himilar rema.rks appi}' to his Vo- 
lume of absorption. ” whicli is defined as tlie ma.ximiim (pia.Htity of t;aticms that a. 
soil is capable of taking np, but is measured by tin; tota,i ajnoiuit (»f ions (iinduding 
hydrogen) that can be displaced from a soil (all <]uautities exjvressc'd in (H[uiva1enls). 
Bor soils having no free Hj, Gedroiz’s volume of al)sorf)tioii ” is in fa<;t idenlic'.al 
with the S value as defined by Hissink. if a soil tliat is cxdiausiiv(.'ly treated with 
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BaClg till no more acid can be displaced (saturated according to Gedroiz) is ex- 
haustively treated with Ba acetate, a further lot of H can be displaced. The total 
amount of H thus replaced is equivalent to the total Ba taken up by the soil (deter- 
mined after washing excess of Ba acetate and displacing Ba by HCl). This is 
shown in Table I, I where a number of completely unsatuiuted soils were thus treated. 

Table II, 


Shotving the acid displaced hy Ba acetate treatment after the BaOl.j. treatment. 


i:. 


Muiil. EQTJIVALENTS PER 10 GB^UIS OP SOU, 


boil 


H, Ba acetate 

Total H 

Total Ba 

Gonhii 



•511 

0-726 

1-237 

1-85 

Rendzinn, , 



1-373 

1-204 

2-577 

2-626 

Hoofi Fallow 



1-357 

0-900 

2-257 

2-28 

Garden Humus . 



1-261 

2-028 

3-289 

3-504 

Gokftk 



1-676 

0-076 

2-352 

2-410 

Dharwai- 



4-588 

1-012 

0-200 

0-368 


Ivappen uses Ca acetate to replace the surface active hydrogen which displaces 
a. part of Ho (provided the treatment is exhanstivc) since Ca acetate has a higher 
pH than BaCl ^ solution. In fact, we cun state a general rule that the higher the pH 
vahw of a sail solution, the greater will be the absorption of its basic radicle by a given 
soil in conlaet with it. Thi.s rule follows, as a matter of course, from tlie fact tliat the 
mailralization of clayio acid takes place at pH 11 or thereabouts just as the neu- 
tralization of phosphoric acid takes place at pH 12. 

It would seem from the above remarks that Hissink’s method gives tlie nearest 
value to the total surface active H ; since he employs a strong solution of Baryta 
when the whole of the clayic acid is converted into its Ba saloid. 

■Rigmond and di Gloria^ have rejected Hissink’s method as giving too high 
a value for maximum absorption. They found that the base absorbing reaction 
Lakes place in two phases ; the equivalent point of the acidoid, can be titrated almost 
insianlly, Inil the absorbing complex, though already chemically neutral, can absorb 
further ainouiiis of Ba( 0 H )2 slowly reaching tbe maximum of absorption after about 
3 days interaction. U was considered that the end point of the instantaneous 
rea,etion (i.e.. their lajui valent point) would give a truer measure of the point of 
satiiralaoii with bases at whicli the acidoid character of the absorbing complex is 


1 ProG. First hit. Ccncf, Soil, 8ci. Washington Vol. II, p. 165 (1928). 
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just iifintralised. Tlie metliod proposed by tliese jiiitliors is in ,ol(l 
amounts of r)a,(OH);j solution, to tJie soil susjK‘nKi(>ii ;iutl iiK'Usuriioj; i !u' cn'i.diuv 
tivity after ftach. addition. The saturation capacity is (h'lermiiu-d in e J r.tn'Tniu,': 
the rcsultiug conductometric titration mirve, (H‘ (50iirs(!, tlu; simi<> rcM!!! <'nu(d i)e 
. obtained ]\y adding increasing amounts of Ba(<)If )3 to the soii suspeiihiou. dintin''' 
for 2--3 minutes, filtering immediately and determiuing ihe unioutii 'if n;((Oli)„ 
absorbed, just as in the ease of Hissink’s metliod. Tlic main diifeo-nee iieiween 
tbe above two metbods lies in the time of reaction wbicb is 3 days nccurdiug 1o 
Hissink and only few minutes according to ’Sigmond and di fUeria. 

A moment’s reflection will show that the adoption of (liis lusf ai,1an«*ou‘-i reaction 
as the end point is not logicall 3 Csound ; because if any base is added io a ^oi! acc.u'd- 
ing to the saturation point determined hj'' this nieihot], ihal. .same soil will bo un- 
saturated after three days and still more misafairafed alder a week or fwo. As 
in nature we arc dealing with bases which ha\e rea.ched oijuilihrium wiih ropoot 
to the soil complex, wo <*iumoi rejiresont the degree of .'^ad urai ion \rilh I'oforouoo fo 
the maximum absorbing capacity reached througli a, reaefion tlial chios uof ri-proaoui 
a state of equilibrium. The stabmieut that the insianlaneoiis. read ion is i he o{juiv- 
alent point and not the other, cannot stand, in sdew of tlie following considerafirm. 
If the instantaneous reaction represents chemioal satiiralion and the alow reasdinn 
mere absorption it Is iimonceivable that any base already sal unit ing I'ln'mically 1 he 
aoidoid should be taken up by the absorbing c.omplex lea.vin(f ihe^ ft,-nuer loss satu- 
rated, giiice the cliamical saturation rmist represent a strougor etuidvinai ion jhan 
the absorption saturation, yet this is what actually hapjiens. Tim. ])li \aluo of a 
soil after the addition of a base (however small a. rjiumtify) slowly door,';!; os dmiu'; 
the course of a few days showing that the product of tumibiuai ion i.'^ shm Iv j a' ''ing 
to the less and less hydroly.sal)]e state. This phouomeuon can ho (l('iuou;d ra i od \ orv 
easily by adding any alkali to an jicid soil suspension, in I ho. prosouoo td' I’.roni 
Thymol Blue and some Bad o to keep the suspension (loccuhdod, til! a poriuaueut 
blue colour is obtained on leaving the suspension to settles for a iVw miuulo;'.. If 
this suspension is kept for a .few diiys with occasional sluikiug, iho, bhio colour 
turns green and goes hack to yeliov/ in. 3 to 5 days showing the progi‘<.'sd\ i; doorca? c 
in the pH value. This phenomenon may be due to a. slow dilTusioii of the base 
into the mterior of the particles. 

The main objection against Hissinlds method is that the salmnlioti point is 
reached in the presence of a high concontration of the base and repre co,! , a ,d;de 
that is nnr.r rcachetl in nature and by giving too Ingh a valiu! [(ir {V) la ajd, iif la.* 
misleading from the practitail point of view. 

The.rc is anollier important point wdiicli h.as Ifceu hithc.rto uuva'ogni/a d /.c., 
the base taken, up by a soil to brhig it from a lower to a luglicr j-.il is alwa.\ ;; taisisi- 
derahly more than the base given up on takiiig it back', from (I'c Jiigl-c.r pil to the 

original lower pH. This will be clear from Table 111 wlmrcin .-n'o id -d I he 

amounts of alkali required to take the soil from ])!] 7 to ])(! !() asid ili Hu- itch! 
required to bring the pH back from 10 to 7, 
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Table III. 


Shommj l.h‘ ariWiiiii of (dhdi required for talcing the mil from j)H 7 to ■pis 10 a.nd the 
amd required to hr mg it hack to pE 7 . 



M. Eqdtvalents per 100 grams or sou. 

Soil 

NaOH 

pH 7 to pH 10 

Acid 

pH 10 to pH 7. 

M.E. 10 . . , 

20-5 

7-5 

Tod-soil No. 3 . . . . 

13-0 

0-0 

M. E. 1) 

24-0 

7-5 

M. E. 3 . . ... 

12-5 

7-0 

t'i.'iv “1)11 Allf'py 

(Ail the foils wi'Vt) fii’.'St iiiado 
ru III] ) lote iy im wi fcurated ) . 

24 

8-6 


It cliiiir from HI that for any given soil tlie pH valiio cannot be an index 
to lishtuiv* of !>a{tii‘;ition, because the same soil a,t the same pH may have very 
dilfertMif H f-nd V values depeiuling iipon the previous history a, s to V'hether that 
par! icuiat- 'A as reached from a higher or lower initial value. Consequently, 
iitratiii;- a r.(ul lo any i)arti€nlar pH value and calling that the saturation point 
may vejy mishwling. 

in order !u iix our attention on the maximum base absorbing capacity of a 
soil, Vvc mu-it lirsl of all consider what happens to soils in nature. There are two 
most lin]>ortant factors v.'orldng in nature which decide the state of saturation of a 
soil • ]u>mt‘!v, !he veafhering and leaching, the former causing the bases to accumu- 
late, !,he hiilcr Li'hdiiig to make the soil uusaturated. The equilibrium state (dy- 
3>amic) of ilc'se oj)posing forces decides the degree of saturation of a soil 

If base is added to a soil equivalent to Hissink’s saturation point, a large pro- 
portion of flic foiiucr can be easily washed away. This easily hydrolsyable part 
can cr o?:ist in nature ami it would be just as well if we left that out of account. 
■\Ve mav tbcivforc d^hne the saturation point as the amount of base held by the soil 
which e(n>no< he learhed easily. It could be determined by adding excess of Ba(OH)a 
to a soil and f hen hauhiug it. ’Sigmond and di Gleria (loc. cit.) have outlined such 
a nu'iliod wideli consists in treating the soil successively wdth N. Ba(0H)2? 
€omj)ic{e j’cp!a<'f‘!ncnt of the catioiist is indicated ; the .soil being then washed 
uilh solidioii followed by leaching with water. The absorbed Ba is then 

dolermiucd In replacing with ammonium nitrate solution. 

'ihe ;!hov{' juclhod is not only time consuming hut it cannot be used for measuring 
ill!', degree of ,‘■,.•11111^1100 becau.se even a fully saturated soil will absorb large 
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amounfe of Ba, (ibplaciiig ofcUci' Imimcs aiui the Hul>wi(|in'ni. tiol.i-iuiinsilifni <>! !»;«. 
by aniinoiiiinu rubrato replaiaMiKUit caiuiot inajmun*. ('I’ H) a.s iti 111*- fatsi* <4 
liissitik’s iiH'.thod but', T. The iavo meihodM ah; (juit;e (iinVrcnl' and t-a.ii 
n,ppt'ON:imal'ely siinilai; valiKiW only wil;h. fully iinHti.iuntl.tal auilfi (S »■ t)), 'I'lic ubjia-t 
of tills Investigatioii was k) (levise a siniph'i inotluni uf (leta'i'mininy S tk. T saliu-s 
wi'i'ich could be used for c.liaracterisiiig soils in tluur gcnaihi claasilicatiuu. The 
motliod finally adopted was as follows : — : 

To 10 grams of the soil 100 c.e. of water is added and .shaken for about 2 hours 
with 2 grains of CaHO^. 100 c.c. of -|^ Ba(011.)2 is then run in and the mixture 
shaken for about fi hours during a couple of days. 10 drops of pheoolpld halchi 
fioliition added and run into it till the colour of the sujierniduut lipuid is 

discharged. The acid is then added gradually shaking the susjiension vigorously 
after each addltilon. The titration is complete when abo,‘'dnt,ely colourlesr, .super- 
natant liquid is obtained on leaving the siispcsnsion for a eiui])le of hours, At, first 
the pink eolour slowdy reappears when more -pp is adde.d, ll’lie. lili-ation is 

completed in about 2-3 clays. The total Baryta minus the t.otul acid gives the. 
amount of base retained by tbe .soil and is cijual to (T - K). (T) is determined by 

washing another 10 grams of soil with ^ hydrochloric acid till all thcm’eplaeeable 
basers are removed (tested by the ali.sence of (Ja ions in the liltral.e) followed by 
washing with water till the free acid is removed. The soil is then triinsl'erri'd bt a 
bottle and bs.ck titrated after a.dding c'xce.ss of Ba((.)ii,)» exae.tly us de, scribed above. 
Fro-in the values of T ami (T — S), (B) i.s easily known when Y ea,n he c'uleulated by 
the formula 'V— The method is very .simple and rapid a.s even 20 soils can 
be started all at once. The alkali or the acid Is added to one, while Un; oihm'.s ;ire 
settling. The titration is carried out bc,st in 500 c.c. reagent l)ottles with rul)ber 
eorlcs. 

It .should be noted that in the method outlined above althougli Ba((,Hl)<^ is u.sed, 
the whole of it is cmnvertecl into Ca(0H).2 and the absorption of tlie liase (akes jihice 
in a saturated solution of lime and the neutralization of the latter is conducted 
in. a saturated scjlutiou of OaSO.^. The method on account of the iiiuited sobibility 
of both lime and OaSO,! is independent of tbc soil water ratio, and tJic expm'imentai 
conditions remain the same wbatex^er the nature of the soil. Of course, a wciglicd 
quantity of lime could be used instead of Ba(OH).2 fortbe preliminary ulisoiqttion, 
but the former lias to be carefully ignited and weighed whcrea.s a measured (juuniity 
of the latter could he added with ease, Tt is ].)etter to run a blank under identical 
conditions for ascertaining the exact strength of Ba(()i.[)2 used. 

(S) can also be determined by Bobko-Askinasi nuitliod, 'he., th.e soil is leached 
with N. BaGl.> followed by washing with water. Ba, being displact.'d by N. .1101 
and determined ; or it could bo determined by Kelley Is method, 'he,, by dis])!;uung 
all the l>ase,s with aimnoniimi chloride, leaching tlie excess of the b,.it.f;e,r and 
determining the ammonia retamed by distillation w,ith lime. 
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One important point has to be borne in mind. Whichever method is. used for 
determining (S), the amount of free acid, if any, must be subtracted from the value 
thus obtained. This, of course, occurs only with acid soils (having free H j). 

The T value for a completely unsaturated soil (i.e., after the acid treatment) 
can also be determined as follows : — The soil after the acid treatment is air- dried, 
then kept in a flat dish over N. ammonia contained in a dessicator for 48 hours. 
It is then transferred into another dessicator containing 90 p( r cent. and 

kept for 4,8 hours under vacuum. 

It wdll be recognized that the NHg method is identical noth the (Ba(OH) 2 — ~ 
H 2 SO 4 ) method. In both cases alkali is added and the excess removed or neutra- 
lized. In Table IV are given (T) values for a number of completely unsatiirated 
soils both by (Ba( 0 H) 2 — and methods and show a good agreement. 
Their clay content as well as hygroscopicity (determined after the acid treatrcent) 
are also recorded foi comparison. 

Table IY. 


(T) values for completely xmsaturated soils by {Ba(pil).2r-~Hz^0f} and NH^ 
method. 


Soil 

CUay 
j>er cent. 

Hygi'oscopicity 
(20-70 per cent, 
interval) 

pel cent. 

T T 

(Ba(OH)s-HjSO„) {NH 3 ) 

M. eq. pier 10 grams soil 

A. T. 5 






Jfi-r. 

. 1-66 

2.4 

2.3 

A. T. 6 






0-7 

0-60 

1-0 

0*8 

A, T. 7 






7-3 

0-tM 

l.() 

l-fi 

A. T. 9 






43-5 

3-26 

2.1 

2.3 

A. T. 10 






34-2 

5-45 

3.5 

.3.5 

A. T. 13 






5-S 

1-70 

2-2 

1.5 

A. T. 15 






18-4 

0-67 

0*9 

O-g 

A. T. 16 






37-2 

1 2-67 

3.0 

3.0 

A. T. 17 






36-2 

1 2.11 

4.2 

4-2 

A. T. 19 






29-9 

i 1-73 

1*7 

^ 1.6 

A. T. 20 






5-1 

0-38 

0.8 

O-O 

A. T. 21 






58-2 


5.5 

5.5 

A. T. 23 






60-6 

7-27 

7.9 

7.6 

■ A. T. 24 






60-5 

6-95 

5.6 

8-5 ?: 

A. T, 2(i 






15-2 

0-91 

11 

i.O. 

A. T. 27 






40-4 

1-28 

23 


A. T. 28 






67-3 

4-35 

31 

”ki 

A 'r. 2S> 






34-5 1 

1.87 

1.8 

I'S 


B 


1I;0 BB-TERMINATtON 01 ? SATURATION CAPACITY & DEGREl! OP SATURATION OP SOII.S 

Tke HII3 method appeared to possess an attractive simplicity and ii, was (Mnisi- 
dere<i at rirst that the method could be directly used for inciisiiriny (T S), 
this supposition was not realized in practice. It is probable thiit a, oj' aimtumia 
displaces the base already present in the soil which results in too a vahu* bsMiiy 
obtained for (T— -S). This view'' is supported by the fact that the wc'alcer tiu* laise 
already present in the soil, the greater the discrepancy between the 1 wo nn.>thods. 
This is shown in Table V which records (T™S) values for soils imvhig diiTot'cnf; 
values of (S). It is also clear that the, (Ba(OH)g — ^£[2804) method is iiRle]KUHlerit of 
the nature of the exeliangeable base. . 

Table Y. ' 


(T—S) mines for ;partiu unmlurated soils. 


Exoliangeable base 

S 

M. cq. per 

10 grams 

(T—S) M. m. 

JO fliJAMS 

NHg iHotbod 

,4, 

li.SO,)’ 

jn«fchoil 

r 

],-5 ■ 

■ (5*64 . 

m 

■ Mg . . .. A 

■ ■ tl-0 

(1-44 

. 4-1 



«*03 

i*4 

_ . ■ i “ 1 

5*47 

4*8 , 

1 

6-<) 

4*24 

2*4 

f 

1*0 

6 * 4.4 

' ■ 6*2 

Sr . . ■ . . 

3*0 

4*28 

4*8 

, , 1 

B-O 

s-m 

I*-! 


3*48 

6*2' 

■ Ba . , . . 

3*0 

3*7S 

4-S 

1 

5*0 


M 


In Table VI are given S, T and V values for various soils iiotenuiiied by ihe 
method outlined above. Soils Nos. 2 , 5 and 11 are definitely known to be aeifi i;i 
the ordinary usage of the term. It is a significant fact iluit (V) for all the. iiir<T is 
below- 50 per cent. Since (Ba(OH}2~H.2SO 4) method gives ap'pn-odfualeiy tmu- 
tralizatloLi value up to Hg limit and since and alst) since the linu; i-o.piir >- 

meivt of a soil from the practical point of view is sadsfied wliefi it is neutralize- 1 uft 
to Hj limit (c/. Liming experiments in Part I of these studie-i), it coiieri\;5b!,; 
that soil will need lime when Y falls belowr 60 per cent. 
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Table YL 

Tj 8 and V values for various soils % i 


method. 


No. Soil 

M. EQ. PEB. 10 GSAMS OF SOTL 

<y) 

percent. 

Clay 
per eent. 

(T-S) 

(T) 

(S) 

1 M. E. 10 




66-2 

0-2 

3-85 

3-65 

94-7 

2 Podsol 




244) 

1-45 

2-35 

0-90 

38- 3 

3 M. E. 9 




2S-6 

0-2 

4-4 

4-2 

i)o-4 

4 M. :E. 3 




31-4 

0-3 

2-2 

1-9 

80-4 

■5 Knppapwrain 




40-8 

2-7 

4-4 

1-7 

38-6 

6 M. E. 2 




20-5 

0 

0-9G 

0-96 

100 

7 M. E. 7 




60-5 

0 

5 '63 

6'63 

100 

8 Badob 




(;g-5 

0 

S-71 

6-71 

100 

9 M.E.4: 




14-2 

0-37 

1-36 

0-99 

72-8 

iO Oitrdnsiptir . 





0-22 

1-06 

0-84 

79'2 

i ! Dfwjca . 




35*0 

1-32 

1-S4 

0-52 

2S-.3 . 


;ng pfefsiuetl with a mimitei- of other soils. 

SUMMAEY. 

i, Mel'liods of determining saturation capacity and degree of satmafcion of soil 
colloids have been critically examined. 

.2, A new method of finding the state of saturation of soils with respect to bases lia® 
been outlined. ^ 

' 

'■■'A 
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'Machinery, by G. S. Hehoebsoh, h.d.a., E,p.»., and Abjhh Sinqh, B.Ag. Price, 
As. 12 or l.s. 3d. 
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Ko. 19fi. Tho (!o!tnn Whift!-riy {/Hmmn it. gp.), by lliu Btihiulur C. B. Mt.sttA, b.a,, 

andKAUA^f Bimoji I^amwa, a!.Ho. I’riof, A-^. If! op l.«. 

Ko, 197. A Cotitribiif iou to «»nr laiowkiflf'O of Boiitb Indiftit Ootjoiflue, by T. V, lUMAKiUfstiNA AfYAS^ 
Jt,A., rli.if,, p/A.s. S*ri«r, liM. 2-I2 or {’PJ. 

No. I9B. Tho T'rnfSiirtioii of iti Npajn, ]>y \V. RfOtKimoN Uuowx. Prit'o, Ah. 6<ir8fi 
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Ba'I'P A lt, n.Hc., (Ag,). PlifO, Ah. H lOd, 
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V. R. SbuifKiii, rtntl Amar NAiii t5tn,ATi, li^r.oo, As, 3 op Ad. 

No. 201. A Moi.hoil o! imtHMisiui' tho Manunal Valiio of iJono Phospbafce, by N. 1). Vyas, b.Ag* 
Prfco, Ab. B or !0tA 

Nu, 20.7. '(’Su) <«t'iiiu-Hl»’dtiing Cluuiwtor in Riwj riiiiita anti ita Importaiuso, by B. (it. Bhambao* 
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No. 200. A Now Alothotl ttf Kstiimiting 'Ikital Ciurbonatca in Stnla, by Amah Nmi I’oBi, jj.so,, rii.D.> 
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Wheat in India, by AtsKRi’ Howabd, m.a., a.r,o. 8., and GaBbikloe L. C. Howaed, ,m,a. 

Ibrica, Ha. S or 7*. 6d. 

A Defiariptiott of the Imperial Baoteriological Laboratory, Muktesar; Jta Work and Products, by 
Major J. I). H. JXor,MTDH, m.a., i>.sc., m.ii.o,v.3. Price, As. 8 or 9d. Hindi and Urdu 
Editions, Xte. S-4oach. 

Ayricuituro in India, by Ja,mw.3 Mackbkna, m.a., i.o.s. Price, As. 4 or 6d. 

BoJiio Dist.ja.soa of Gaitlo in IntUa. A Handbook for Stock-owners. (Revised in 1927.) Price, Re. 1-4 
or2.y. 

nvooi'b on the I)i.s('asas of Silkworms in India, by A. I»iaNOLE Jameson, d.ec. Price, Rs. 3. 

The Iniporlanee of Bacterial Action in Indigo Mamifaeturo, by 0. M. llna'CiniS.soN, h.a. Price, As. 2. 
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